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PEEFACE. 



This book does not pretend to give any new facts 
or opinions upon the subject of which it treats. Any 
claim to attention it may deserve is based upon its 
being an attempt to embody the principles of boiler 
construction and management^ together with numerous 
opinions collected from the writer's experience in 
boiler inspecting, and from various sources not acces- 
sible to the majority of those engaged or otherwise 
interested in the application of steam. 

Many of those opinions advanced, which are founded 
on experience, may require repeated modification with 
increased opportunities of observation and as new 
light is brought to bear on the various questions by 
further experiments. 

As anything like a complete history of boiler pro- 
gress is beyond the scope of such a small work as this, 
only a slight sketch of the salient points has been 
attempted in the first chapter. A complete history, 
accompanied by remarks pointing out the defects that 
have led to the disuse of many inventions connected 
with boiler work, would be of real service to many. 



VI PREFACE. 

for, judging by the frequency of the repetition of old 
defects, it would appear to be even more important to 
know what to avoid than what to adopt in designing 
new boilers. 

It is almost impossible in a work like this to men- 
tion authorities for all the information given. Where 
considered necessary, the authorities have been cited ; 
but it may be desirable to specially enumerate the 
following works that have been most largely drawn 
upon for information : — Sir W. Fairbaim's " Useful 
Information for Engineers," Peclet's " Traite de la 
Chaleur," Professor Eankine's *' Steam Engine and 
other Prime Movers," Mr. D. Kirkaldy's " Experi- 
ments on Wrought Iron and Steel," Mr. E. J. Reed's 
** Shipbuilding in Iron and Steel," and numerous 
articles in "The Engineer," "Engineering," and 
" The Mechanics* Magazine." 

Gateshead, 1873. 
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CHAPTEE I. 

INTRODUCTORY. 



The enormous development attained by the system of em- 
ploying steam is to be ascribed to its commercial success. Only 
so long as it continues to be regarded as less costly than other 
agents will steam retain its present position as a motive power, 
and for the various purposes in chemical and other manufactures 
to which it is so largely applied. 

Yet there are certain theoretical considerations in connection 
with the present mode of employing steam, which, regarded in 
the abstract, clearly iqdicate that we are by no means justified 
in concluding that it is the most economical motive power 
obtainable. Many attempts have, in consequence, been made 
to replace steam as a prime mover, but without success, as there 
are found inseparably connected with the employment of all 
other agents certain practical difficulties which have as yet 
proved insuperable. 

It is not likely we shall soon see these obstacles overcome ; 
and even supposing the successful employment of some more 
suitable prime mo7er were rendered practicable to-morrow, it 
would be so long before the present arrangements could be re- 
placed, that it would still be to our interest to strive to improve 
our modes of employing the agent we now possess, and to in- 
quire in which direction further progress in its economical appli- 
cation seems to eet. 

B 



2 A TREATISE ON 'STEAM BOILERS. 

It is long since theoretical deductions indicated the economical 
advantages to be derived from the use of high steam pressures 
combined with high grades of expansion in the cylinder. The 
practical difficulties that stood in the way having been gradually 
and successfully overcome, the result has been the marked 
changes from the 7-lb. and 10 lb. pressures, so common forty 
years ago, to the pressures of from 70 lbs. to 150 lbs. at present 
employed, and the more general employment of the higher pres- 
sures will be demanded as the advantages of using steam expan- 
sively become more generally recognised. 

One of the impediments to progress in this direction is the 
difficulty of obtaining reliable vessels of sufficient strength and 
simplicity combined with moderate cost of construction and 
maintenance for generating and containing the steam. 

This difficulty can scarcely be said to be in a fair way of 
solution, judging from the numerous prodigies boiler engineering 
has called into existence. It is not intended here to describe 
the boiler of the future — that cannot be done until experience 
shall have shown the advantages and defects of the many high 
pressure tubulous boilers recently introduced, and which are as 
yet only on their trial — but rather to set forth the principles of 
construction and management, a knowledge of which is essential 
to the safe and economical employment of the types of boiler at 
present chiefly used. 

A steam boiler may be defined as a close vessel in which 
steam is generated. It may assume an endless variety of forms, 
and can be constructed of various materials. 

Boiler making now holds an important position among the 
practical arts. Its progress has been aided chiefly by the in- 
creased facilities of procuring suitable materials^ by the improve- 
ments made in working them, and also by our better acquaint- 
ance with the laws on which the safety and economy of boiler 
construction and management depend. 

In the early days of the steam engine, vessels of copper and 
cast-iron were used for generating the steam in. It is recorded 
that structures of stone, and even of wood with internal flues 
of copper and iron, were at one time employed. These, how- 
ever, were probably not subject to any but atmospheric pressure. 
The high price of copper must forbid its ever being used exten- 
sively, when cheaper materials are to be found. When pressures 
of 7 lbs. to 10 lbs. above the atmosphere came into use, cast- 
iron was found unreliable and treacherous for the boilers as at 
that time constructed. It was therefore discarded in favour 
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of wrought iron, which was probably not employed at first in 
consequence of the difficulty found in working it and in making 
steam-tight joints. It has, however, of late years become the 
material employed, almost to the entire exolusion of all others. 

Now that steel has been introduced for boiler making, we can 
not look forward to any further progress in the direction of 
obtaining a stronger material. Any effort to increase the 
strength of boilers should therefore be aimed at improving their 
shape and the disposal of material. This has been done con- 
spicuously in the case of the various spherical, tubulous, and 
other so-called "unit," ** segmental," or " sectional " boilers 
recently introduced. 

The variety of shapes in which boilers are made, and in the 
attainment of which much ingenuity has been exercised, is due 
to the various ends they have been designed to meet. Among 
these may be mentioned strength, durability, smallness of bulk 
and weight, saving of labour and material, greater extent and 
efficiency of heating surface, improvement of circulation, preven- 
tion of smoke, economy of fuel, facility of examination, clean- 
ing, and repairs. 

A very early form of steam boiler was made spherical, of 
cast-iron, with the fire underneath. 

Owing to its limited heating surface, it was soon replaced 
by vessels more favourable in this respect. A cylinder with 
flat bottom and curved top, having encii'cling flues, was soon 
adopted. To increase the strength of the bottom, it was found 
necessary to arch it inwards. With a view of obtaining still 
more heating surface, the vertical cylinder, in its turn, gave 
way to the horizontal oblong boiler. When wrought iron came 
into use, larger dimensions than had hitherto been employed 
were ventured upon, and the *' Wagon " boiler first made by 
Watt, and so much in vogue, especially in Lancashire, thirty 
years ago, was at length produced. After passing through 
various modifications of form, designed with a view to increase 
the strength and amount of heating surface, this type is now 
rarely to be met with. Its tendency to change of shape, even 
in spite of elaborate staying, renders it unfit for the pressures 
now commonly employed. 

With inclined sides and hemispherical top, the old vertical 
cylindrical boiler developed into the "Haystack," or "Bal- 
loon" boiler, of wrought-iron. This shape enjoyed a long run, 
and many specimens are still to be found in the Staffordshire 

district, some of them as large as 20 feet in diameter. 

B a 
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Owing to the want of heating surface, and liability to give 
"Way at the bottom, these boilers are disappearing before those 
of the present smaller cylindrical type, which, on account of 
their strength, are now mostly employed. 

The simplest is that of the horizontal, externally-fired class, 
with flat or cambered, but most commonly with hemispherical, 
ends, called the " Egg-end " boiler. To increase the extent of 
heating surface, without adding to the bulk of the boiler, the 
internal flue was introduced, through which the hot gases 
pafised on their way to the chimney. 

In order to economise fuel, the fire was at last placed inside 
the tube, giving us the ^' Cornish " boiler, its name being taken 
from the district where it was first mainly employed. In con- 
sequence of the weakness of the large diameter of the single 
internal flue, when a large grate area was required, two flue 
tubes instead of one were adopted, which gives us the '' Lan- 
cashire " boiler. 

Numerous modifications of these two types are to be found. 
There is the " Breeches- flued " boiler, having the two furnace 
tubes combining into one long tube behind the bridge. The 
weak form of the combustion chamber or neck uniting the 
double furnace tubes with the single flue tube, which, however, 
admits of being strengthened, has been the source of frequent 
disasters. This defect, although not incurable, along with the 
diminished heating surface of the single tube, has led to the 
disuse of this boiler. There is also the '' Butterly " boiler, 
with circular, or elliptical, internal flue. The concave arch at 
the front end, which was introduced to obtain a larger fur- 
nace, is of very weak shape, and renders this boiler unsuit- 
able for high pressures. It is consequently passing out of 
date. 

Another description is the multitubular boiler. The number 
of small tubes are introduced to gain more heating surface. 
The weak point of some specimens of this class is the combus- 
tion chamber, which requires strengthening by water tubes or 
other means. 

In order to increase the amount of heating surface and 
the strength of the large internal flue tubes, as well as to 
improve the circulation of the water, small transverse water 
tubes have been added to the main tubes. The most conspicuous 
example of this modification of the "Lancashire" is the 
" Galloway " boiler, which has long found favour with steam 
users. The weak elliptical tube, when its form is not too 
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irregular^ can be adequately strengthened by the vertical 
conical water tubes, and the whole made capable of sustaining 
as great a pressure as any of the internally-fired class enume- 
rated. 

It must, however, not be forgotten that the advantages just 
mentioned are gained by the sacrifice of simplicity, and 
they increase the difficulty of examinatioo, cleaning, and 
repairs. 

The " French or Elephant " boiler, with its two " bouilleurs " 
or heaters below connected by water tubes to the main shell 
above, though much used in France, has not come greatly into 
use in this country. 

The various forms of vertical boilers with chimnjsys or flues 
passing through the steam space, may be described as modifi- 
cations of the *' Cornish" type placed on end. By altering 
the posture, however, many properties of the boiler are mate- 
rially affected. 

The vertical is the most protean of all the types of boilers, 
and, as a rule, the most wasteful of fueL At the same time, 
their convenient shape renders them an invaluable adjunct to 
many branches of industry. 

The " Rastrick " boiler, used extensively at iron works, 
is a vertical cylindrical boiler of large diameter, with one 
central longitudinal flue tube, communicating with two or more 
horizontal tubes through which the gases from the furnaces 
in connection pass to the central tube on their way to the 
chimney. 

The '' Locomotive" type is much used where little space is 
available, and, when the flat surfaces of the firebox are pro- 
perly stayed, it can be made a very servicable and reliable 
boiler for high pressures and rapid generation of steam. 

Some of the above-mentioned boilers have circulating and heat- 
ing tubes added, such as Field's, Gadsby's and others, which 
add greatly to their steaming power, especially when new, and 
also, it must be admitted, to their complication. 

Besides these cylindrical boilers, which are more or less of a 
simple type, there are the various kinds of so-called tubulous 
boilers now coming rapidly into use. These are, for the most 
part, modifications of the type first introduced by Woolf, con- 
sisting of numerous pipes, in which the steam is generated, 
communicating with a receiver above, in which it accumu- 
lates. The object aimed at in these boilers is safety from di«- 
astrons explosions and economy of fuel. For very high 



6 A TREATISE ON BTEAM BOILEBS. 

preflsures, some arrangement of this description will donbtless 
oome largely into future use, but at present the design of more 
than one type appears to be in a transition state, and several 
very ugly, though not fatal, explosions have already occurred 
witiii some of these so-called inezplodable boilers. 



CHAPTER II. 

STRENGTH OF CYLINDER, SPHERE, AND PLAT SURPACE3. 

In analyaiog the various forms of boiler shells, they are found 
to resolve themselves into the cylinder, oval, sphere, cambered 
and flat surfaces. 

VHE CYLINDEB. 

According to the well known law of hydrostatics, the pres- 
sure of steam in a close vessel is exerted equally in all 
directions. In acting against the circumference of a cylinder, 
the pressure must therefore be regarded as radiating from 
the axis, and exerting a uniform teusional strain through- 
out the enclosing material Its tendency to cause longi- 
tadinal rupture, or to rend the cylinder in lines parallel 
to its axLB, may be considered as a force acting and react- 
ing in opposite directions to divide the cylinder in two. 
As it must be exerted on equal areas in order that the action 
and reaction may be equal, this divellant force may be con- 
sidered as the pressure exerted on the semi-circumference, and 
tending to rupture the cylinder in a plane drawn through the 
diameter. It follows, however, from the pressure acting 
equally in all directions, that the whole amount exerted on the 
semi-circnmference is not equally effective in producing strain 
perpendicular to the diameter through which the cylinder may 
be assumed to rend. 

If we examine the force tending to cause rupture through 
the horizontal diameter A B. (fig. 1), we shall find the pres- 
sure is exerted directly upwards and downwards only along the 
vertical diameter D. As we recede right and left frcftu this 
line, the pressure is exerted diagonally with dimiulBhiug verti- 
cal effect, to produce tension at A. and B., until it vanishes 
altogether when we reach these points. The radial pressure 
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at any point may be resolved into two forces, the one 
vertical and the other horizontal. It is evident the 
latter has no tensional effect at A B. By taking the com- 
ponent vertical forces at an infinite number of points in the 
semi-circumference, it can be proved that their sum is equal 
to the full pressure exerted on a line equal in length to the 
diameter. 

We may consider the cylinder as composed of a number of 
rings of a unit's length, say 1", placed side by side, each of 
which resists the pressure independently of the rest. 

Let A B D represent such a ring, and let P = pressure 
per square inch ; as y, a very small portion of the circumference, 

and a the angle it makes 
Fig. 1. with A B. The pressure ex« 

erted upon x i/^, along the 
radius which passes through 
its centre, will he "P X x y. 
If we decompose this force, 
the vertical component will 
be represented by P x » 1/ 
X cosin. a ; but x y x cos. 
a is equal to the projection 
b & of the arc x y on the 
diameter A B. The vertical 
component will then be equal 
to P X & &9 and the sum of 
all the vertical components 
will be P X A B. 

Hence the force tending to rupture the cylinder longitudinally 
is represented by multiplying the diameter by the pressure on 
each unit of surface. As this applies only to a cylinder of a 
imit's length, it is evident that the total amount of force 
tending to divide the cylinder in lines parallel to its axis is 
found by multiplying the above product by the length of the 
cylinder. The practical truth of this has been proved by 
experiment. 

The retaining force opposed to this pressure is evidently the 
resistance of the material at the two opposite sides which bear 
the strain. 

The manner in which the strain is borne by the material 
depends greatly on its thickness. When this is considerable, 
compared with the diameter, as in hydraulic presses and 
cannon, the inner layers of the material are more severely 
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taxed than those on the outside. This difference may be so 
great that the latter render no material assistance to the 
former. If we take two straight bars of the same material and 
section, but of different leDgths, and submit them to the same 
tensile strain, they will be stretched, within, certain limits, in 
proportion to their length* Suppose a bar 1 foot long is 
stretched ^ inch by a given weight, then a similar bar 10 feet 
long would be elongated 1 inch by a similar weight, the exten- 
sion being simply a factor of the length.* In a cylinder, say 
of 3 inches diameter and 2| inches thick, we may consider the 
thickness as divided into ^-inch layers. The inner layer will 
have a mean length of about 11 inches, whilst the outer one 
will be about 23^ inches long. Suppose the material just 
capable of bearing an elongation of -^ inch per foot, then the 
inside layer would be damaged by an internal force that would 
expand the cylinder -^ inch in diameter, whilst the outside 
layer would be stretched only to about one-half its tensile 
limit, being twice as long as the other. From this it may be 
seen how any increase in thickness beyond a certain degree 
may not add to the strength of the cylinder. The thickness of 
boiler shells and tubes is, however, so small compared with 
their diameter, that the tension from the radial pressure may 
be regarded as being uniformly distributed throughout the 
material, the whole section thus acting together to resist the 
straio. 

The strength of the cylinder to resist transverse pressure is 
therefore proportionate to the thickness, and is represented by 
the tenacity or tensile strength of the material multiplied by 
the section on both sides, or twice the thickness multiplied by 
the length. 

At the moment of rupture, this retaining force is equal to 
the bursting pressure. 

Representing the pressure in lbs. per square inch by P, 
the diameter in inches by D, the length by L, the thickness of 

* From the results of some tests of vronght-iron bars, Sir W. 
Fairbairn erroneotisly deduces a rule which makes it appear that the 
rate of eloDgation increases with the decrease of length. On approaching 
the breaking strain, a bar of good iron of uniform section always draws 
out considerably at and near the point of fraotnre. The amount of this 
local elongation, provided it be free to act, is independent of the length of 
the bar, and consequently, the ratio it bears to the total length increases 
as the length of the bar decreases. This fact has evidently been over- 
looked, and is apparently the cause of the error which has been generally 

accepted until indicated by Mr. Eirkaldy. 

B 8 
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the material in inches by T, and its tensile strength by c, we 
have at the point of rupture 

PDL=2TLc. 

The factor L can be suppressed, and the equation stands — 

P D = 2 T c. 
DP 



T = 



2c 



In oaloulating the strength, it is usual to consider the length 
as unity. The correctness of this is here shown, the extra 
pressure due to increased length being balanced by a propor- 
tionate increase of materiaL 

Although the length does not affect the strength of a cylin- 
drical boiler l¥ith respect to the action of the internal pressure 
per sty we shall afterwards find that the length is an important 
condition when the expansion and contraction of the boiler on 
its seating are regarded as elements of weakness. 

From the foregoing considerations, it is obvious that the 
strength of a cylindrical boiler to resist longitudinal rupture is in 
direct ratio to the thickness and tenacity of the material, and 
inversely as the diameter and the pressure. Speaking theoreti- 
cally, and assuming the material of a cylinder to be of perfectly 
uniform strength throughout, it would be uniformly stretched, 
and its diameter increased by sufficient pressure. On reaching 
the bursting point it should give way all round its circumference 
at the same instant — ^in faet, be " blown to atoms." Of course 
this argument is entirely hypothetical In practice there are 
always one or more lines of less resistance through which the 
fractures pass, leaving the rest of the material comparatively 
intact. 

The tendency of the uniform radial pressure is to maintain 
the perfect circularity of the cylinder and to restore this form 
when it is departed from. Should the cylinder be somewhat 
oval, the two opposite sides at the extremities of the minor 
axis, having a greater pressure against them, will have a 
tendency to bulge outwards until their resistance becomes equal 
to that of the rest of the circomference. 

This equilibrium of pressure and resistance can only be main- 
tained when the circumference is perfectly circular. 
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In a shell of wrought iron, the perfect circularity cannot be 
obtained when the plates overlap longitudinally. In this case 
the deviation from the accurate circle is usually but trifling, and 
the weakness caused by. the lap is rather to be attributed to the 
unequal distribution of the strain through the plates at the 
joint, than to the deviation from the circular form. 

In a cylinder made with flat ends, the strength imparted by 
these renders it less liable to stretch at the extremities than at 
mid-length. Such a cylinder has thus a tendency, under in- 
ternal pressure, to assume the form of a barrel 

Assuming the material to be sufficiently pliable, like india- 
rubber, and able to bear su^cient stretching, the sides would be 
further curved, and the spherical form be eventually attained by 
suffidently increasing the pressure. 

In very short cylinders, the ends play an important part in 
increasing the resistance to bursting longitudinally ; and where 
the length does not exceed the diameter, the strength approaches 
that of a sphere. In practice, however, local weakness arising 
from various causes — such as corrosion of plates and rivet heads, 
flaws, &c, — may lead to failure, against which the aid from the 
ends cannot be counted upon. 

Again, in oval shaped boilers, the end plates assist materially 
in maintaining the shape against the tendency to become 
circular under internal pressure. Since the aid lent by the ends 
diminishes as the distance, from these increases, an oval boiler is 
most liable to change of form at mid length. 

In consequence of their tendency to alteration of shape under 
pressure, it is almost impossible to give any rules for the strength 
of elliptical boilers, as their resistance varies with every change 
of shape, according to very complicated laws. 

We have now to consider the strength of a cylinder to resist 
bursting in a plane perpendicular to its axis. The force tending 
to divide it transversely by separating two oontiguous rings is 
evidently the amoimt of pressure exerted against the two ends 
which may be represented by the area of the cylinder multi- 
tiplied by the pressure per square unit of surface, or 

P X . 

The resistance opposed by the cylinder to this longitudinal 
force is measured by. the tenacity of the material and the 
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amount bronght into play to withstand the pressme. This is 
evidently the whole drcnlar section of the cylinder, and as the 
strain acts directly, the whole tensile resistance of the material 
is exerted. The strength is therefore ezpreesed by the area 
of the annular section multiplied by the tenacity of the material, 
or ?r T (T + D) c, when rupture is about to take place the 
bursting force and resistance are equal, therefore, 



D* 



IT 



= 7rT(T + D)c, 



^x-(^-)- 



T 

neglecting — , which is usually small, we get 



4c 
As the formula for the longitudinal strength is 

2c ' 

on comparing these two formulas we see that with the same 
internal pressure, diameter, and thickness of shell, a cyliDdrical 
boiler is twice as strong transversely as longitudinally. 

It must not, however, be concluded from this that a cylin- 
drical boiler is always more liable to burst from longitudinal 
than from transverse weakness. Many explosions occur from 
the latter source, the cause of which we shall consider fully 
when treating of the wear and tear of boilers. 

It may be here observed that in most experiments on the 
tenacity of metals, the material is not subjected to any lateral 
strain, whereas in a cylinder under internal pressure the metal 
is strained both longitudinally and transversely at the same 
time. The question then arises whether this circumstanoe has 
any influence on the strength of the material, and whether we 
are justified in taking the direct tensUe strength in calculating 
the resistance of a cylinder. This question has long been set 
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at rest by the direct experiments of Navier on wrought-iron 
spheres, as well as by long experience with boilers at work, 
which show conolusively that the strength of the metal is not 
affected when it is strained simultaueonsly in all directions, 
and the resistance is the same as when ike stretching is ex- 
erted in one direction only. 

A table of the strength of wronght-iron boiler shells of dif- 
ferent dimensions is gi^en at page 311. 

A cylinder or tnbe in resisthig external fluid pressure may 
be considered as an arch. As the pressure is exerted equally 
all round the circumference, the figure, in order to resist it 
uniformly, should be similar to itself all round, and therefore 
a circle. Speakiug theoretically, if the circular form be per- 
fect, and the resistance of the material quite uniform through- 
out, the tendency of the pressure will be to diminish the dii^ 
meter by compression. On its compressiye strength being ex- 
ceeded, it will depend on the nature of the material and other 
conditions, whether the thickness of the cylinder will increase 
in proportion as the diameter is diminished, or whether the 
material will also be forced out at right angles to the pres- 
sure against it, thus lengthening the cyluider. * 

The force against any two opposite sides tending to close 
them together by forcing out the rest of the circumference at 
right angles will be exactly balanced by the resisting force ex- 
erted here, ahd the whole pressure and resistance will be in 
equilibrio at all points of the circumference. 

Should^ however, the figure and material of the cylinder not 
be perfect, which is always the case in practice, and more espe- 
cially in tubes of considerable diameter compared with the 
thickness, the equilibrium is destroyed, and the tendency of 
external pressure is to aggravate any deviation from the circular 
form and consequently to cause collapse by excessive pressure. 
The collapsed cylinder may assume various shapes, depending 
upon the original form and want of imiformity of strength in 
the material. 

It has been shown that the strength of a cylinder to resist 
internal pressure was not affected by its length, when we disre- 
gard the extra strength imparted by the ends. But it is other- 
wise with a cylinder exposed to external pressure, its power of 
resistance being materially influenced by its length. 

The important part played by the length of a cylinder in re- 
sisting external pressure is not generally understood ; in fact, 
until a few years ago, it was altogether unknown, and was only 
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ascertained by experiment. When we bear in mind that the 
tendency of internal pressure is to rectify any deidation from 
the circuLu: form, whereas external pressure tends to aggravate 
any distortion, it can be dearly seen where the analogy of the 
two cases fails in considering the effect of the length upon the 
power of resistance. Were the cylinder under external pres- 
sure theoretically uniform both with respect to material and 
shape, the length would not affect its power of resistance if we 
disregard any additional strength lent by end attachments, which, 
however, in this case would exercise only a limited influence. 
Such a theoretical cylinder is self supporting with respect to the 
pressure. But on the least departiure from the shape on which 
this self-supporting principle depends, it is evident that the as- 
sistance of the end attachment is very material in maintaining 
the form of the tube. 

The value of this assistance will decrease as the distance 
from the ends increases. Hence the surface of an irregular 
cylinder or oval tube may be regarded as a beam supported at 
both ends, having the load uniformly distributed. The strength 
of the tube must therefore be dependent on the laws which 
govern the IKrength of beams. Any strip of a unit's width 
taken for estimating the strength must, however, be regarded as 
a beam of undefined section, in consequence of the strength 
imparted by the arched form, and the material on either side. 

The rule usually employed for the strength of cylindrical 
tubes, subject to external pressure, is deduced from the results 
of a valuable series of experiments conducted by Si^ W. Fair- 
bairn, and given in the second series of his *^ Useful Informa- 
tion for Engineers.'' It is as follows : — 

P= 806,300 X !— (1) 

li D 

a convenient modification being 

P = 33-61 xil5?i^ (2) 

LD 

For facility of calculation it may be written, 

Log. P = 1-5265 + 2-19 log. 100 k — log. L D. 
Here P = collapsing pressure per square inch. . 
k = thickness of tube in inches. 
L = length of tube in feet. 
D = diameter of tube in inches. 
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The following numbers usually required for K^'^' may be 
useful : — 

(q \ 2-19 



•02558. 



/ 7 \ ^^^ 



= 03585. 



2*19 

= 04803. 



(1 \ '*^* 

(—] =006216. 
V32; 

(5 \ 219 
— J =0 07829. 

— 1 =0-09646. 
32; 

(q \ 219 
±J =0 11671. 

(IQv 2^9 
tl] =0-13908. 
32; 

[_Lj =0-16358. 

(15\ 2'i' 
—j =019027. 

(1 X 2-19 
4- "■ 



21915. 



llTV 219 

_1 =0-25027. 
32/ 

9 N 2 19 






28364. 

K \ 219 

^ =0-35725. 



(I) ■»■ 



Instead of the 2*19 power, the square of the thickness is 
usually taken as being sufficiently correct for practice. This, 
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it may be remarked, gives a higher coUapsing pressure, the 
thickness beiog always in fractions of an inch for boiler tubes. 
For ordinary lap-jointed tubes, the square of the thickness gives 
a result nearer the collapsing pressure, found by experience with 
boilers in use. It must, however, be observed that the experi- 
ments referred to were made with tubes of a length not ex- 
ceeding 15 diameters. Theoretically speaking, when this pro- 
portion of length to diameter is exceeded, the collapsing pres- 
sure given by the rule is too high. This objection applies, 
practically, to small solid-rolled wrought-iron and brass tubes. 
But when the tubes are made up of courses of plates, the 
lap or butt joints at the ring seams become an element of 
strength, the tube being virtually divided by these into so many 
short lengths. These transverse joints only require to be made 
sufficiently strong, in order to render the distance between them 
the actual length by which the collapsing strength is to be 
measured. The most important result of this fact is the power 
it gives us of reducing the thickness of the plates, without 
diminishing the diameter or total length of the tube. 

Bearing in mind that the strength is impaired by any devia- 
tion from the true circle, it is obvious that the employment of 
the lap joint for the longitudinal seams must have an injurious 
effect on the resisting power of a tube. 

In the experiments referred to, two tubes were tested, 37 inches 
long, 9'^ diameter, and f thick, one having single riveted lap 
joints, and the other butt joints, with a single strip at the longitu- 
dinal seams. The results showed a loss of more than one third 
in strength of the former, as compared with the latter, the ratio 
being 7 : 10 nearly; We then see how seriously the collapsing 
strength of even a short tube, only four times the diameter in 
length, is impaired by a departure of ^V^h of the diameter from 
the circular form, and the necessity of welding or butting the 
plates when great strength is required. In practice, however, 
the longitudinal seams of furnace tubes are usually arranged to 
break joint in successive courses of plates. This arrangement, 
together with the increase of strength due to the lap at the ring 
seams, appears from experience to bring the collapsing strength 
fully up to that given by the formula, 

^ _ 806,300 Ar* .^. 

^ ' "LD ^^^ 

in cases where the circularity is not departed from to a greater 
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extent than twice the thickness of the plates composing the 
tube. 

When the plates are arranged so that their length in a longi- 
tndinal direction is short and the longitudinal seams break 
joint, the weakness of the irregular cylinder is not so likely to 
be in line, and the tube is therefore stronger than when the 
plates are narrow and arranged lengthwise along the tube with 
the seams u^ line from end to end. For this reason the latter 
arrangement should not be employed unless the tube has a 
large margin of strength^ and in such a case it is better in cal- 
culating the collapsing pressure to use the 2*19 power of the 
thickness of plate. 

The di£Sculty of maintaining the cylindrical form increases 
with the diminution of the ratio which the diameter of the tube 
bears to the thickness. This is not taken into account in the 
formula ; but experience proves that it need not be regarded 
when the diameter does not exceed 150 times the thickness. 

In order to show that the rule for the strength deduced from 
his experiments on tubes of limited size holds good for tubes of 
greater length and diameter, Fairbaim records some experi- 
ments on a large scale with two boilers 35 feet and 25 feet long, 
the tubes being in both cases 3' 6" diameter, and composed of 
i plates. The 35-foot tube collapsed with 97 lbs., and the 
25-foot tube with 127 lbs. per square inch. By formula (1), 
these pressures should have been respectively 64 lbs. and 
89 lbs. By using the square of the thickness as in formula (3), 
these figures would stand 78 lbs. and 109 lbs., which accords 
more closely with the results of the experiments. 

In actual work, the form of a horizontal furnace tube is 
probably somewhat distorted by the heat, which is greater ou 
the top than on the bottom. The effect of expansion by heat 
on a loaded arch resting on its abutments will be to increase its 
height ; but it will depend upon the original shape of an ordi- 
nary cylindrical tube pressed externally all round its circum- 
ference, whether the effect of the heat acting on its crown will 
cause an increase of diameter vertically or horizontally. The 
application of heat to the flattened crown of a slightly oval 
furnace tube would tend to restore the circular form were the 
tube not undey pressure. But the effect will be altered when 
it is pressed all round. The heat will now farther aid the 
pressure to increase the distortion by forcing out the sides. 
Should, on the other hand, the flatness be in the sides, the 
heat will tend still farther to increase the height of the crown, 
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and BO again add to the distortion. The question then arises, 
whether the direction of the elliptical fomn has any influence on 
the strength of a horizontal furnace tube. There can be little 
doubt that the tube is considerably weaker when the smaller 
diameter is vertical than when it is lateral, probably owing to 
the fact, that the resistance to longitudinal expansion offered by 
the end plates tends to flatten the crown, at the same time the 
heat renders the plates most pliable and susceptible to the in- 
fluence of the pressure when the crown is flattened. In addition 
to this, the pressure due to the displacement of the water 
being greatest on the under side, its effects will be more felt 
when the tube is flattened verticallyj than when the flattening 
occurs laterally. 

In elliptical tubes the resistance to flattening varies inversely 
as the largest radius of the curvature. The weakness of such 
tubes was clearly shown in Fairbairn's experiments. A tube 
14" X 10^" diameter, 5 feet long and ^ inch thick, collapsed 
with 6*5 lbs. pressure, another tube 20i inch x 15^ inch 
diameter, 5 feet 1 inch long and i inch thick collapsed at 127^ lbs. 
per square inch. These results show that the general formula 
applies sufficiently correctly to elliptical tubes by substituting 
for D the diameter of the Isirger circle of curvature in the tube, 

or D = — . where L and S are respectively the major and minor 
S 

axes of the ellipse. 

The comparative weakness of cylindrical tubes under ex- 
ternal pressure will be seen from what has been stated above, 
and the formulas given are sufficient data to enable us to find 
an expression for the maximum length of a cylindrical tube 
having a collapsing strength equal to the bursting strength of 
any given diameter of boiler. 

Taking the strength of a single riveted joint as 26,340 lbs. 
= c ; j> = internal or bursting pressure ; K = thickness ; 
D = diameter and inches ; L = length in feet, we have 

62,680 K 

p = — ! ; 

. D 

where P = external or collapsing pressure, we have 

^ 806,300 X K* 
sr 1= • 

DL 
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Oalling B the ratio of boiler tube diameter to shell diameter, 
we get, 

L 



^ 

P~ 15-3 xK 

when P = J?, we have 



xR 



T 15-3 X K 

Li s= . 

K 

Taking a Cornish boiler of | plates, having a tube one-half tho 
diameter of shell : 

L = 16-3 X -375 X 2 = 11 -47 feet. 

Thus we see that the boiler in this case should not exceed 
11^ feet in length to be equally strong in shell and tube. As 
the former will not be impaired by lezigthening, we have only to 
make the latter in 11^ feet lengths, in order to preserve an 
equality of strength in tube and shell, having their diameters 
in the ratio of 1 : 2, whatever length the boiler may be. 
A table of collapsing pressures is given on page 314. 



THE SPHERE. 

From what has already been stated concerning the action of 
steam pressure in a dose vessel, it wiQ readily be seen that in 
order to resist the pressure throughout its whole surface in an 
equal manner, the containing vessel must be similar to itself in 
all its parts. This property is possessed only by the sphere, 
which renders it the best of all forms for resisting internal 
pressure. 

To the sphere also belongs the property of containing the 
greatest volume within a given amount of surface, and owing to 
this the internal fluid pressure tends to make any containing 
surface assume the spherical form. 

By employing a modification of the reasoning we used in 
demonstrating that the internal pressure tending to rupture a 
cylinder in. lines parallel to its axis is to be measured by the 
diameter, and not by the semi-circumference of the cylinder, 
we should find that tlie internal * pressure tends to burst a 
sphere through the largest plane we can draw through it, and is 
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to be measured by the area of its diameter, and not by that of 
the hemisphere. The divellent force can therefore be repre- 
sented by the formula, 

P X 



The resistance opposed to this force is that due to the tensile 
strength of the material multiplied by the area of its sectiou 
in the circumference of the sphere and can be expressed by 

TT T (T + D) c ; 

when rupture is about to take place these two formulas must be 
equal, therefore 

_- =^T(T + D)c, 
whence we get, as at page 12 

17' 

the same expression that we obtained for the transverse strength 
of a cylinder. The sphere therefore is twice as strong as a 
cylinder of the same thickness and diameter is longitudinally. 

The relative strengths of the sphere aud cylinder may be cou- 
sidered in another manner : — taking the diameter of a sphere as 
unity, its circumference is 3*14159, and area 0*7854. A 
cylinder of the same diameter and equal sectional area must be 
'7854 long. The sum of the two sides is, therefore, 1*5708, 
or half the circumference of the sphere, and therefore only 
half as strong. This, of course, leaves out of consideration the 
strength imparted by the ends which, however, cannot be 
counted upon when the cylinder is long in proportion to the 
diameter. 

In a cylindrical boiler of uniform thickness throughout, with 
hemispherical ends, the strength of these, being portions of a 
sphere of the same diameter as the boiler, is evidently equal to 
that of a cylinder of equal diameter to resist transverse rupture, 
and twice as great as the strength in a longitudinal direction, 
it is dear, then, that the ends of this form are unnecessarily 
strong compared with the cylindrical portion of the boiler in its 
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power to resist longitadinal rapture, by which the strength of 
the boiler is measured. 

By making the ends cambered to a radius equal to the 
diameter of the cylinder, their strength will be equal to that of 
the shell, as they will then be portions of a sphere haying a 
diameter double that of the cylindrical barrel By this means 
we employ the least amount of material consistent with ade- 
quate strength. 

In diminishing the camber of the ends, the amount of 
material to resist being torn asunder decreases less rapidly 
than the tensile force exerted upon it. The tensile strength of 
the ends is therefore increased by flattening, although their 
resistance to bulging is reduced. Their efficiency in strengthen- 
ing the cylindrical portion of the barrel will be farther increased 
as the amount of camber is reduced. But as the cylinder 
should be sufficiently strong of itself, the ends are not required 
to aid it, and should be designed simply with a view to resist 
bulging outwards by the pressure. 

The manner in which a cambered end . plate resists bulging 
is, perhaps, best understood by regarding it as a portion of the 
sphere to which it belongs. The radial pressure in this case 
tends to maintain the form of the segment as well as if it were 
a whole sphere, and the plate will fail by bulging only on ex- 
ceeding what would be the tensile strength of the material in 
the sphere. The amount of pressure sufficient to accomplish 
this may be safely taken as that which would burst the sphere 
of which the segment forms a part. It follows, therefore, that 
the relative strengths of a dished or cambered end and a 
cylindrical barrel are foimd by comparing the radius of the 
camber with the diameter of the cylinder. 

The sphere possesses one property for a boiler, and likewise 
also the cylinder, yet in a less degree, not often noticed, but the 
value of which cannot be oVer estimated, viz., the facUity with 
which it expands on the application of heat to one portion of 
the surface, and with which it accommodates itself alike to the 
heat and the pressure without throwing any severe thrust or 
strain to cause leakage or fracture on the surrounding parts 
that may be comparatively cool. 

FLAT ST7BFA0ES. 

Advantage is usually taken of the self-supporting property 
of the cylinder and sphere in constructing parts of boilers 
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having these forms, which oDables them in most cases to be 
made sufficiently strong, without the aid of stays, ties, or 
other support. But the absence of this self-sustaining pro- 
perty in flat surfaces necessitates their being strengthened by 
stays or other means. 

Even where a flat or slightly dished surface possesses suffi- 
cient strength to resist actual rupture, it is yet, generally 
speaking, necessary to apply stays, to provide against undue 
deflection or distortion, which is liable to take place to an in- 
convenient degree, or to result in grooving long before the 
strength of the plates or their attachments is seriously taxed. 

The theoretical investigation of the strength of plane sur- 
faces, such as the flat end of a cylinder, is attended with con- 
siderable difficulty, and cannot be satisfactorily pursued with- 
out the aid of the higher mathematics. 

The formula given by Professor Kankine for the strength of 
a flat circular plate of the diameter D, and supported all round 
the edge with the load uniformly distributed, is equivalent to 
the following expression, where 

P = Bursting pressure per square inch in lbs., 
D = diameter of cylinder in inches, 

t = thickness of end plate in inches, 

c = breaking weight of the material in lbs., 

* 

P D2 ttD c D «2 



247r 



Whence* = </—X LP. 

2 2c 

Now, taking T as the thickness of the cylinder that resists 
longitudinal rupture under the same conditions of pressure as 
the flat end plate, we had above, 



Therefore t — -y/ — XT. 



2 

We have here assumed the factor c to be the same quantity 
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for a tensile and a cross breaking strain, which we can safely do 
in such a case as we are consideriDg. 

The last formula shows the monstrous thickness it would be 
required to give the unstayed fiat end of a cylindrical boiler 
in order to make it equally strong with the shelL For a boiler 
only 3 feet diameter and of |" plates, single riveted, the solid 
end plate would require to be about 2" thick to comply with 
this conditioD. It is obvious, therefore, that for boilers of 
ordinary diameter, the flat ends, if of moderate thickness, require 
to be well strengthened by stays or ribs. 

When longitudinal tie rods are employed as stays, the L or 
T irons securing them to the end plates are usually arranged 
horizontally. Gusset stays are usually arranged in planes 
radiating from the axis of the boiler. The best arrangement 
for X iron stiflfening ribs will depend upon the design of the 
boiler. Each series of longitudinal stays bears the pressure 
against a rectangular portion of the flat end, and each gusset 
stay sustains the pressure against a section of the circular area. 

The flat surface between two series of stays may be considered 
as a rectangular beam, fixed at the ends, and uniformly loaded, 
and its strength calculated accordingly, the tendency of the pres- 
sure being to split the plate up the middle between the stays. 

If we disregard the strength imparted by the end attach- 
ments, we may employ the usual formula for the strength of 
such beams, as follows :— 

Where w = distributed breaking weight, 

I = width of plate between side supports, in inches, 
b = length of plate in inches, 
d = thickness of plate, 

c = modulus of rupture = 54,000 for wrought iron, 
P = pressure in lbs. per square inch. 



wl 
2 


= c 


bd^ 


As 


w = 


Tib 


We have 


P?3 
2 


= cd^ 



The same formula may be used for estimating the strength 
of flat surfaces stayed by bolts, such as the sides of locomotive fire 
boxes, Ac, Tables for the strength of stayed surfaces, calculated 
by this formula, are given in the chapter on ** Construction.'* 



CHAPTER III. 

PROPERTIES AND CHARACTER OF BOILER MATERIALS. 

CAST IRON. 

Cast ibon is the name given to a material, whose physical 
propeities may vary through a wide range of brittleness, hard- 
ness, and tenacity. It is sometimes found so brittle as to be 
almost incapable of being worked ; at other times it is founds 
or rather was once to be found, exhibiting such toughness as 
to render it capable of being chipped by a chisel or bent by 
pressure equally as well as many inferior spedmens of material 
now sold as wrought iron. 

That caat-iron is unsuited for boiler making no farther 
evidence is required than the fact of its almost total rejection 
for this purpose after having had a fair trial Tet, despite 
the unanimous acceptance of its condenmation, it must be 
allowed that it possesses advantages which, considered in the 
abstract, appear to render it the most eligible of the scanty 
stock of materials from which the boUer-maker has to make 
his selection. 

Its low first cost, combined with facilities of working, place 
it in the first rank of constructive materials, and probably led 
to its being largely used for boiler making in the early days 
of steam engineering. In its power to resist wasting on 
exposure to the action of fame in a boiler furnace, or to the 
atmosphere when in contact with moisture, it is superior, if of 
auitahU quality, to wrought iron, and also in its power of resisting 
the corrosive action of the feed water and of adds found in the 
nroducts of combustion. 

Inferior strength alone can scarcely be regarded as a bar to 
its employment in vessels for resisting pressure, when we con-, 
sider that the strength of a structure like a steam boUer 
depends as much on its size and form as on the actual strength 
of the material The employment of cast iron to bear great 



CAST IRON. 25 

pressures in our water mains, hydraulic presses, and oannoDy. 
proves that low tensile strength alone would not prevent its 
adoption for boiler making, as any disadvantage on that score 
would be outweighed by its constructive and other advau- 
tages. 

As an instance that the breaking strength alone of a material 
is no test of its eligibility for sustaining high steam pressures, ^ 
it may be mentioned that the employment of copper for flat 
surfaces in locomotive fire boxes meets with great favour in 
this country,- in spite of its being in that form the least 
adapted of all boiler making materials for resisting pressure. 
Everything in this instance is sacrificed to malleability, 
ductility, and high thermal conducting power. By proportioning 
their diameters in the ratio of their tensile strength, cast and 
wrought iron cylinders or spheres can be made of equal strength, 
with the same thickness of metal The difference between the 
strengths of cast and wrought iron vessels in the form best 
adapted to the constructive properties of each, is by no means 
so great as it may at first sight appear. With single riveting 
we can not take the strength of ordioary plates at more than 
12 tons per square inch at the joints. The tensile strength 
of cast iron being about 6 tons, and having no seams or 
other necessary loss of strength, it follows that a sphere 
of cast iron is equally as strong as a cylinder of wrought 
iron single riveted of the same diameter and thickness. 
But when both materials are used in the same form to 
resist tensile strain, the greater thickness that must be given 
to cast iron, in consequence of its inferior tenacity, raises 
its cost to that of wrought iron, the price o i the materials 
being in proportion to their cohesive strength in the finished 
Btructure. 

In seeking, then, for some other clause than the inferior 
tenacity to account for the rejection of cast iron, in spite of its 
numerous advantages, we shall find that the strong feeling 
which, notwithstanding strenuous individual efforts to remove 
ity exists against its employment for boiler purposes, must be 
ascribed to its brittle and treacherous nature. - 

Besides the uncertainty of strength caused by defective 
moulding, and the unequal tension on different parts of the 
same piece, usually ascribed to obscure causes in the process of 
casting and cooling, a very slight hidden or surface defect, in au 
otherwise sound casting, is sometimes sufficient to lead to a sudden 
and extensive fracture. Moreover, oast iron, in breaking, seldom 
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gives warning by indication of weakpess, such as usually precedes 
the failure of wrought-iron structures. The risk attending its 
use in large masses, in consequence of its treacherous nature, is 
greatly aggravated when the material is subject to the strains 
caused by sudden and unequal expansion and contraction con- 
sequent upon the sudden and extreme variations of temperature 
it is exposed to when employed for vessels to raise steam in. 
To this cause must the rejection of cast iron be ascribed, together 
with the dread of the disastrous effects that would probably 
result from the explosion of a cast-iron boiler containing a large 
body of highly heated water, which would probably be similar 
to those resulting from the bursting of an explosive shell. 
When wrought-iron boilers explode, large masses of plate 
usually hold together, and tend to mitigate the effects of the 
explosion. 

It is only when these two causes act conjointly, viz., (1), 
untrustworthiness of the material when exposed to trying 
trains, and (2), dread of explosiod when the material contains a 
large body of highly-heated water, that cast iron is deemed 
unsuitable for boiler making, as may be seen from the following 
considerations : — 

1. In order to mitigate the disastrous effect that would ensue 
from the sudden liberation of a considerable volume of water at a 
very high temperature, on the bursting of a large vessel, various 
types of cast-iron *^ sectional" boilers have been introduced. 
Being composed of many small pieces, either spherical or cylin- 
drical, it is held by the advocates of these boilers that in the 
event of one portion suddenly giving way the explosion would 
be confined to a single segment, and its effects would be insignifi- 
cant, as the hot steam and water would be gradually discharged. 
It is for this reason that cast-iron boilers of this class, although 
subject to the same variations of temperature as ordinary steam 
generators, are employed without anxiety. It may be remarked 
that the unequal straining, and consequent liability to fracture, 
is much less in small than in large vessels. 

2. There are some cast-iron boilers, with wrought-iron internal 
flues, whoi$e rupture would suddenly liberate a sufficiently lai^e 
quantity of heated water to cause a very disastrous explosion ; 
yet these are worked without fear of bursting, as they are not 
exposed to sudden variations of temperature, the furnaces being 
in the internal tubes. In such boilers, however, there will be a 
marked difference of temperature between the top of the shell 
and the bottom, especially when starting the boiler afiresh 
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after filling with cold . water, wlxich must strain them con* 

siderably. 

3. When not entering into the construction of the boiler 

itself, cast iron is almost invariably used, except with marine 

boilers, for pipes to carry the steam to the engine cylinders at 

the full boiler pressure. These cylinders being of cast iron, and 

very often of larger diameter than boilers, it would rightly be 

deemed foolhardy to make of the same material, and to work at 

the same pressure. This apparent inconsistency admits of 

ready explanation. In the engine cylinder the heat is, com- 

paratively speaking, uniformly distributed. There are wanting 

the fire and currents of cold air through the furnace-doors and 

bars to render the material untrustworthy ; and when the 

cylinder does happen to burst — by no means a rare occurrence — 

the quantity of water present, although often the actual cause 

of fracture, is so small, and at so low a temperature, as to 

render the effects of the bursting comparatively harmless under 

ordinary circumstances. 

A large cylindrical vessel placed horizontally, with a fierce 

fire acting on the under side, and but moderately heated above, 

would be severely strained by the unequal expansion. A brittle 

and unyielding substance like cast iron would certainly not 

Btand such a test without injury. 

In order to bear a high temperature without fear of fracture 

a large cylinder of cast iron should be heated equally all round 

it;) circumference, yet not necessarily along its entire length if 

the application and withdrawal of heat be gradual, and if the 

vessel be free to expand and contract uniformly. Such a 

cylinder is therefore less adapted for a horizontal than for a 

vertical position. The vertical arrangement for large cast-iron 

cylindrical boilers with external firing was formerly used. Its 

abandonment was probably due to the small amount of heating 

surface this arrangement afforded. In order to increase the 

extent of this surface the obvious method is to diminish the 

diameter and increase the number of cylinders to receive the 

heat, producing at the same time a stronger and more efficient 

boiler. This has recently been done, and boilers composed of 

vertical cast-iron pipes 4 inches or 6 inches in diameter are at 

present employed and worked at pressures as high as 80 lbs. 

or 90 lbs. 

The difficulty, or rather, inexpediency of repairing the vessel 

by patching is another reason for making cast-iron boilers and 

similar structures in small segments, the replacing of a defective 

c 2 
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portion being by this means attended with the least sacrifice of 
material. 

It is sometimes asserted that cast iron does not become 
covered with incrustation so readily as wrought iron or copper. 
However true this may be in the case of cast*iroo spheres, 
where the coating, if sufficiently thick and brittle, may be 
cracked off by the inequality of expansion between itself and 
the metal, it is certaiuly not the case with respect to cast-iron 
pipes, which become thickly coated over with a scale that defies 
removal when bad feed- water is used. 

Seeing that the prevailing types of wrought-iron boilers 
having large cylindrical shells are such as we could not venture 
to make of cast iron, and that, at the same time, cast iron can 
be safely used in certain other arrangements, the question may 
arise whether the prevailing type of boiler is the cause or the 
effect of the rejection of cast iron in favour of wrought iron for 
boiler making. If, on the one hand, facilities of cleaning, and 
examination, and repairs, as well as an economical fuel con- 
sumption, render the present boiler of large section superior to 
any other form, the abandonment of cast iron would certainly 
follow. But if, on the other hand, the untrustworthy nature 
or other adverse property of cast iron in any form whatever 
resulted in its rejection in favour of wrought iron, the effect 
would be, without further consideration of economy, the 
adoption of the prevailing types as being the most suitable for 
constructing of wrought-iron plates. 

There can be little doubt the latter conclusion is the correct 
one. The difficulty of making good steam-tight joints when 
wrought iron first came largely into use for boiler making, would 
of itself preclude the use of cast iron in small segments, the only 
shape in which it can be safely employed. 

At the present day the increased facilities for making strong 
seamless wrought-iron tubes of various sizes will exercise con- 
siderable influence on the design of the boiler of the future, and 
probably, to some extent, indirectly lead the way to the larger 
introduction of oast-iron segmental boilers. 

Of late years the employment of cast iron in connection with 
boilers has been chiefly confined to the larger descriptions of 
mountings and seatings, and to steam domes and chambers. 
For the former it will doubtless long continue to be used, as it 
here possesses advantages superior to all the other materials, 
except brass, whose price, however, will prevent it from ever 
being largely used for land boilers. 
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In the employment of cast iron for boiler mountings care 
should be taken that it is not placed where sudden variations of 
temperature are likely to occur. When used for steam domes 
and pipes of large diameter a large margin of safety should be 
provided, and castings of these descriptions should always be 
carefully tested by hydraulic pressure, to guard against insidious 
defects aad errors that but too frequently occur in the foundry, 
:iud which it is impossible to detect by any ordinary optic or 
acoustic tests. 

No better example of the treacherous nature of sound cast 
iron can be given than the fatal explosions of steam stop-valves 
that have occurred in frosty weather through opening the valve 
and allowing the steam to enter suddenly from the upper 
portion into the lower containing water at a low tempe- 
rature, which has caused the cast-iron valve casing to crack 
like glass, from the unequal expansion, and to be violently 
blown about, with as low a pressure as 10 lbs. above the atmo- 
sphere. 

The above is one reason, amongst others, why a range of 
steam pipes should always be arranged or provided with means 
to drain the water from condensation away £rom the end where 
the steam enters. 

When a certain amount of strength is required in a casting, 
it is usual to specify the mixtures by giving the names and 
proportions of the pig-iron to be used. The most satisfactory 
course, however, is to specify the tests the metal must be 
capable of standing, and allow the founder to choose his 
own mixtures, which will vary considerably in different dis- 
tricts. 

"With regard to judging the quality of the iron by an inspec- 
tion of the fracture, this is by no means a simple matter, as the 
appearance of good iron is found to vary widely in different 
localities. Such defects, however, as honeycombing and chills, 
arising from want of care or skill in moulding and running the 
metal, and the presence of particles of graphite, showing a 
defect in the mixing, are unmistakable. 

The strongest irons are of a light grey colour, without much 
lustre, close grained, and sometimes mottled. Others exhibit a 
somewhat fibrous or jagged surface, of light colour, and when 
dosely examined are found to be close grained. On the other 
hand, a blackish or bluish grey, with large loose grains, 
and having generally a shiny appearance, indicates inferior 
tenacity. 
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COPPER. 

The superiority of copper for boiler making, when compared 
with wrought iron, consists in the uniformity and homogeneity 
of its texture, freedom from lamination and blisters, and in its 
general trustworthy character when well selected ; in its great re- 
sistance to oxydisiug influences and the corrosive action of many 
descriptions of feed water ; in the manner in which it resists 
the tenacious adhesion of most kinds of incrustation ; in its 
great ductility and malleability, which render it capable of being 
worked with great ease and of bearing sudden as well as oft- 
repeated racking strains : iu its beiug a better conductor of heat, 
which not only tends to give it a higher evaporative power 
under favourable circumstances, but also enables it to last 
longer when exposed to a fierce wasting heat in a boiler 
furnace. 

Before the rolling of 'sound wrought-iron plates in large 
quantities was attended with the certainty of recent years, 
copper was rightly considered the most eligible and trustworthy 
material for steam boiler shells, and was so used to some 
extent) but owing to its high price and inferior tensile strength 
its employment for this purpose has long been abandoned in 
favour of wrought iron and steeL But for its high price, its 
non-liability to suffer from the action of some descriptions 
of corrosive feed water and consequent durability would, doubt- 
less, in many cases outweigh any objections on the score of 
inferior tenacity. In judging of the comparative cost, it must 
not be forgotten that old copper will average a price of £66 per 
ton, whilst old iron will not fetch more than £5 on an average, 
being respectively two-thirds and one-third their price when 
new. • 

The softness of copper when used in a comparatively pure 
state has been found to render it unfit to resist the abrasion it 
is subject to when used for the tubes of coal and coke-burning 
boilers, for which purpose its facility of manufacture at one 
time especially recommended it. 

The use of copper in boiler construction is now almost re- 
stricted to the fire-boxes and stays of locomotive boilers. Not- 
withstanding its weakness to resist pressure when employed in 
a flat siirface, especially in a furnace, its high heat-conducting 
power and ductility are considered, in this country at least, 
to render it more suitable than wrought iron or steel, for 
bearing the intense heat and unequal strains of a locomotive 
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furnace. In America, and, to a great extent, on the con-, 
till en t, iron plates of half the thickness axa successfully used 
instead. 

There can be little doubt that the quality of copper has 
deteriorated of late years, much of it being now of a compara- 
tively hard and brittle quality. 

One adverse property possessed by copper, in which it pre- 
sents a marked contrast to iron and steel, is the great diminution 
of its tensile and transverse strengths at moderately high temr 
peratures. From numerous experiments undertaken by the 
Franklin Institute in America, it was found that, taking a 
temperature of 32° Fahrenheit as a standard, every increment of 
heat caused a diminution of tenacity in copper plates. Thus a 
cold strip capable of carrying 10,000 lbs. was only capable of 
carrying 7,500 lbs. when heated to a temperature of 500°, and 
at 1200% a visible red heat in daylight, no more than about a 
tenth part of the strength remained. 

Table of Diminution of Strength of Copper Boiler Plates when 
heated. Their standard strefigth at 32° being 32,800 2&«, 
per square inch. 





Temperature 


Diminution 




Temperature 


Diminution 




abore 32*. 


of Strength. 




above 32'. 


of Strength. 


1 


90* 


0-0175 


9 


660' 


0-3425 


2 


180 


0-0540 


10 


769 


0-4398 


3 


270 


0-0926 


11 


812 


0-4944 


4 


360 


0-1513 


12 


880 


0-6581 


5 


456 


0-2046 


13 


989 


0-6691 


6 


460 


0-2133 


14 


1000 


0-6741 


7 


513 


0-2446 


15 


1200 


0-8861 


8 


532 


0-2558 


16 


1300 


1-000 



From the above it is seen that in being heated from the 
freezing point to the boiling point of water, copper loses 5 per 
cent, of its strength ; at 550° it loses about one quarter of its 
strength, and at 1332° loses all its tenacity, becoming a viscid, 
granular, soft, incoherent mass, although it does not actually 
melt until it reaches nearly 2000°. 
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WKOUGHT IRON. 

Wrought iron is the material which, for the last forty years, 
has been by far the most extensively used for boiler making. 
The reason for this is not far to seek, and has been partially 
indicated in discussing the constructive merits of cast iron. 
The great tensile strength of good wrought iron, together with 
its ductility, power of bearing sudden and trying strains, and 
general trustworthy nature, its moderate facilities of working, 
the ease with which it can be welded, riveted, patched or 
mended, its moderate first cast compared with that of copper, 
are all important advantages which contribute to its value and 
the deservedly high esteem in which it is held for the con- 
struction of vessels exposed to the ever varying and tfying 
strains that steam boilers have necessarily to bear. 

As it is mainly in the form of plates that this material enters 
largely into the construction . of the prevailing types of boilers, 
we will at present confine ourselves to it in this form, leaving 
the not less important consideration of its strength and behaviour 
as bar iron when used for stays and angle irons to be subse- 
quently dealt with. 

Wrought-iron plates, it is well known, are manufactured of 
different qualities, ranging from the badly refined, coarse, brittle 
and uncertain material sometimes sold as ship plate, through 
various medium qualities to the valuable '^ Best Yorkshire " 
plates, so justly prized above all others for boiler making. 

In consequence of competition and lowering of prices we 
often find boilers made of inferior material that scarcely deserves 
the name of wrought iron, the result being annoyance, pecu- 
niary loss in the long tun, and frequently fatal disaster. It 
would, indeed, be well if it were unnecessary to say that plates 
of ship quality should never enter into the construction of 
boilers, on account of the risk to life and property that always 
attends their use. 

For a long time the " Best Best " and " Treble Best '' Staf- 
fordshire plates have deservedly been in great request for boiler 
making. Formerly, when the production of these plates was 
confined to the locality whence they derive their name, and to the 
surrounding district, they could be generally truRted as being of 
good ductile iron, and well adapted for all the processes in 
boiler making. Although Staffordshire plates of excellent and 
reliable quality are still abundantly manufactured, those of so- 
called '* Staffordshire quality " cannot at the present time be 
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SO generally relied upon, and care shoald be exercised in their 
selection. They are made in different parts of the country, 
their properties depending in great measure upon the nature 
of the ores and fuel found in the districts nrhere they are pro- 
duced. 

Experience has shown that the plates from mills where only 
superior qualities are made, are more trustworthy than those 
turned out by the mills where all classes of plates are made, 
from the soKsiUed ''Low Moor quality " down to the veriest 
ship plates. Instances of apparent caprice are not uncommon 
where the inferior brands prove to be equal to, and even 
better than, what are sold as the superior brands from the same 
works. 

When great pressures and a small factor of safety are em* 
ployed, or when the plates are exposed to very trying condi- 
tions, we cannot be too careful in the selection, and it is really 
a matter for congratulation that trustworthy plates are still to 
be obtained, and that makers are to be found who have been 
able to hold aloof from the reduction of prices, and at the same 
time reduction of quality, so general of late years. The most 
prominent among these are the so-called *' Best Yorkshire " 
houses,* who only turn out one class of iron, and that the very 
best (if we except some of the Swedish and Russian brands). 
Their plates are as trustworthy in their character, as can well 
be, and so highly are they esteemed that their employment is 
generally understood to absolve the boiler-maker from blame, in 
the event of fjEiilure from defect of materiaL 

These plates are not more commonly used solely on account 
of their high price ; and there is 'good reason to believe 
they will be able to hold their own in price until steel plates 
of an equally reliable and certain quality can be largely pro- 
duced. 

The use of the same brand by different makers, but for 
different qualities of plate, and the diversity in the names of the 
brands employed by numerous manufacturers throughout the 
country, is very misleading, and has been productive of much 
misunderstanding and annoyance. The '' Grown " plates of 
one house may be of fair boiler-quality, whilst the same brand 

• The beat Yorkshire honses are : — The Low Moor Iron Works, near 
Bradford; Taylur, Brothers & Co., Leeds; Bowling Iron Co., near Brad- 
ford ; Parnley Iron Co., near Leeds; S. T. Cooper & Co., Leeds; and 
The Monk Bridge Iron Co., Leeds. The other firms who make only 

**Be8t Yorkshire" iron do not roll platen. 

o 3 
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of another house are only of ship quality, and not intended by 
the manufacturers for boiler- making at all, yet are unwittingly 
purchased by boiler-makers who have been in the habit of using 
" Crown " plates. The " Best Scrap " plates of one maker will 
be found to be of second quality, and only equal to the ^' Best 
Best " plates of another house, whose ^' Best Scrap " are equal to 
the ^'Best Best Best'' of a third house. Some makers' 
'^ Best Best " plates are equal to the *^ Treble Best " of another 
house in the same district. As a rule, the price that any 
given brand commands in the market is the only criterion of 
its quality ; and even this guide is not infallible, and is apt to 
mislead in a fluctuating market. It would be a great boon to 
boiler-makers and others who have to do with plates if some 
uniform system of branding them according to their quality 
could be agreed upon by those makers who roll three or four 
diflferent qualities ; and if each plate were stamped on both 
sides with its brand, date, and the maker's name. A few makers, 
in imitation of the '* Best Yorkshire " houses, in branding their 
highest quality plates, do not denote the quality, but simply use 
a name or device, and rely upon the reputation of their plates 
for a sale. 

The flrst quality to be sought for in a boiler plate is strength. 
This does not necessarily imply the mere power to resist being 
torn asunder by a dead weight, as in a testing machine, but the 
quality to withstand, without injury, the many and varying 
shocks and strains it is exposed to in the boiler yard and iii 
actual work. 

Many inferior plates exhibit as great a cohesive strength as 
those of better quality, their inferiority consisting in their 
brittleness or shortness, want of " body " or soundness, im- 
perfect manufacture, and uncertain character or quality. Tough- 
ness and ductility combined with great tenacity, and also 
closeness and uniformity of texture and constancy of quality, 
are the properties and character to be sought for, and which 
are only to be found in the best brands. 

The strength and quality of a plate are taxed in many ways. 
Id the hands of the boiler maker and smith it may have to 
undergo the various processes of repeated heating and cooling, 
hammering hot and cold, bending, twisting, flanging, welding, 
and punching. Inferior qualities of plate cannot always be 
relied upon to bear the ordeal of repeated heating and cooling, 
as they often warp and twist, or waste away in a curious 
manner, show defects of manufacture, and prove unworkable. 
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Some plates of otherwise fair quality will not bear hammering 
when red hot, a defect usually ascribed to the chemical pro- 
perties of the iron. In the process of cold bending in the rolls, 
especially to a small radius, minute fractures sometimes occur 
on the outer sur&ce of the plates of stubborn but fair quality. 
These are most frequently seen whan the plates are bent across 
the grain, and doubts sometimes arise as to the depth the 
fractures penetrate into the body of the iron. Cracks in the 
scale adhering to the plates are sometimes erroneously taken for 
the fractures here referred to. 

The manner in which a plate will bear flanging outwardly, 
whereby the fibres are either stretched or separated, as the plate 
is flanged across or along the grain, is generally considered the 
best test of its soundness and quality. It is certain that none 
of the inferior brands will stand this test with any degree of 
certainty. Those of somewhat better quality that bear flanging 
inwardly may, with care and skill, be made to stand outward 
flanging ; but they cannot be depended upon. Plates of 
moderate quality may also be successfully welded if skilfully 
treated ; yet, to ensure success, only very good or first-rate 
brands should be chosen where flanging, dishing, or welding 
is required. The effect of punching on plates of different 
qualities will be discussed in the chapter on riveted work. 

The defect most commonly revealed in working boiler plates 
is lamination, from which plates even of the very best brands 
are not always free. This defect arises from the imperfect 
welding of the several layers which make up the thickness of 
the plate, and is usually caused by interposed sand or cinder 
which has not been expelled in the hammering and rolling dur- 
ing the process of manufacture. It is more frequent in thick 
than in thin plates, and is sometimes very difficult to detect in 
the new cold plate, although often discernible in the hot slab. 
It often happens that plates, which are passed as quite sound 
on careful external examination, are found to be severely lami- 
nated when subjected to heating and hammering, and prove 
totally unfit for working. 

Blisters are of a similar nature, and arise from the same cause 
as lamination. Sometimes they appear as mere surface defects^ 
and are of no consequence ; but their appearance may be an 
indication of the want of care or skill in the making of the 
plate, and is sure to excite suspicion. At other times the blister 
runs from the surface far into the body of the plate, and its 
area may be measured by feet. It frequently happens thai 
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these defects pass undetected through the closest scrutiny 
and test by hammering, but disclose Uiemselves soon after the 
boiler is set to work, especially if the plate be exposed to sudden 
variations of temperature. When a blister does not run out to 
the surface or edge, it will possibly never be detected, unless it 
is subject to alternate heating and cooling, as in a furnace-plate, 
where the great heat on one side, compared with that on the 
other, will sooner or later take effect ; and even here it may 
be years before it bursts open. In the plates over the fire-grate 
of an externally-fired boiler, such a blister may prove a very 
serious defect, calling for the immediate replacement of the 
plate, cutting out and patching in such a case being but a 
penny-wise proceeding. 

After quitting the boiler-maker's hands, the test of every-day 
work will render manifest a wide difference in the behaviour of 
plates of various qualities. Inferior brands of brittle and badly 
refined iron will rapidly show lumistakable signs of weakness, 
if placed under the trying ordeal of bearing the alternate im- 
pingement of a fierce flame and currents of cold air. The 
rapid variations of temperature caused by the sudden and 
frequent openings of the furnace door and leakage of cold air 
at the fire bars and bridge will tell, sooner or later, on any kind 
of iron, but much more quickly on brittle than tough qualities. 
On the delivery of a batch of boiler-plates from the maker's, 
the name and brand of quality on each plate should be ascer- 
tained, and care should be subsequently taken to keep the brand 
on the outside of the shell, or on the fire side of the furnace- 
tube, in a position where it can be afterwards readily discovered. 
Each plate should be gauged, or, still better, weighed, in order 
to ascertain the exact thickness, the comparison of which with 
the extent of departure from specification allowed to the maker 
will determine whether the plates are to be accepted or rejected. 
Each plate should then be examined on its sides and edges for 
surface defects, such as flaws, blisters, lamination, or marks and 
indentations caused by want of care in the rolling, the discovery 
of which may justify the rejection of the plate. In order to 
test its internal soundness, it should be marked off with a 
chalked line into squares of four or six inches, and conveniently 
suspended or sup{A)rted on edge, to be tapped all over with a 
light hammer. Where solid the blows cause a sharp ringing 
sound ; but a dull heavy sound indicates the presence of lami- 
liation or other defects. Both sidei^ of the plate should be thus 
tested. Should any doubt arise as to the soundness by this 
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acoustic test, the plate should be prepared for further testing by 
supporting it horizontally on two edges, or still better, at its 
four comers, and strewing the upper surface with fine sand. 
The doubtful portions being then lightly tapped on the under 
side, the sand will be thrown off by the vibration, if the plate 
be sound ; but if laminated the sand will remain stationary. 
Tet all ordinary methods of testing may fail to detect hidden 
internal defects, which may reveal themselves as soon as the 
pl&te is operated upon at the forge, or possibly not until the 
plate has been some time in use in the boiler. What is wanted 
is some magnetic or similar test, such as that proposed by 
Captain Saxeby, which, however, must be reliable and capable 
of easy application. 

In cutting the plate from the slab some specifications require 
that a distance of from 2 '' to 4" shall be left from the nearest 
defect or cracks at the edge. The plates are also sometimes 
ordered sufiiciently large to admit of a test-strip being cut off, 
in order to ascertain the quality and tenacity by breaking. 

All plates of the very best quality having a longitudinal 
tenacity of 24 tons per sqiiare inch of section, and an ultimate 
elongation of about 12 per cent., and not exceeding one inch 
in thickness, should bend double along or across the fibre when 
red hot. 

'* Best Best " plates one inch thick and under, having a 
longitudinal tenacity of 21 tons, and an ultimate elongation of 
about 7 per cent., should admit of being bent hot, without 
fracture, lengthways to 130°, and crossways to 100°. 

For the cold forge test plates of the very best quality, -^^ 
inch thick and under, should bend double without fracture. 

Good boiler plates should bend cold, without fracture, to the 
following angles : — 



Thickness 


Along. 


Across. 


1 

j Thickness. 
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The radius of the corner over which the plates are bent 
riiould not exceed half an inch. The angle to which the 
plates can be bent without fracture will depend greatly upon the 
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skill of the smith who heats and operates upon them. A plate 
that will bear the test with a number of sharp light blows^ will 
often fail when a heavy hammer is used. By striking the 
plate along its surface it can be successfully bent to a much 
greater angle than when the blows are dealt perpendicularly to 
the surface. The plate will also stand the bending much better 
if it is performed uniformly along its whole width. 

Bivets and bars for boiler work are seldom tested for their 
tensile strength, but their quality is usually ascertained by forge 
tests. A good rivet, cold, will bend double without fracture. 
The head of a good rivet should flatten out, by hammering 
when hot, to about ^ inch thick, without fracture or fraying 
at the edge. A hot rivet-shank or bar of iron, when flattened 
down to a thickness equal to about one-half its diameter, should 
bear a punch driven through it without fracture at the hole. 

There has been no lack of experiments to ascertain the tensUe 
strength of wrought-iron plates of different qualities, and of 
ordinary thickness. Many of these are, however, not accom- 
panied with sufficient information to make them of much value. 
The results of Mr. Kirkaldy's experiments on plates and bars 
are; in many respects the most reliable and valuable yet recorded. 
These verify the commonly received opinion that good boiler 
plates may be considered as having an average tensile strength 
per square inch of section of 21 tons along the fibre, the strength 
being generally about ten per cent, less across the fibre. The 
strength of Best Yorkshire plates may be taken at 24 tons 
along the fibre, and 22 tons across. 

The strength of round and square bars is superior to that of 
plates of equal quality, the superiority being most marked in 
iron of inferior brands. This circumstance is usually ascribed 
to the increased amount of rolling the bars undergo. Taking 
Mr. Kirkaldy's experiments as our guide, we find that ordinary 
bars, so far as their tensile streugth is concerned, are more on 
an equality with '^ Best Yorkshire "-bars than was found to be 
the case with plates. The average strength of bars may be 
taken at 25 tons per square inch of section. It must not, 
however, be inferred from this that there is no superiority in 
<^ Best Yorkshire " and very best Staflbrdshire bars over those 
of ordinary make. The former are more reliable and uniform 
in quality, and exhibit a superior ductility when compared with 
those of inferior quality, and stand smithing very much better. 

By way of explanation it may be here observed that when a 
plate is broken so that the line of fracture runs parallel with the 
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fibre, it may reasonably be said to be broken along or in the 
direction of the fibre ; and when the fracture is perpendicular 
to this, across the fibre. This is, however, not the sense in 
which the terms along and across the fibre are usually employed. 
When we speak of a plate being broken in the direction of the 
fibre, we refer to the direction in which the strain is applied to 
produce fracture ; and similarly when speaking of a breakage 
across the fibre. There is then evidently a discordance between 
our modes of expressing the directions of bursting fractures and 
tearing fractures relatively to the strains which produce 
them. 

On breaking a plate or bar of wrought-iron, the fracture 
presents an appearance by which the quality of the iron may in 
some measure be determined. The fracture is designated on 
the one hand as fibrous, tough, fine, silky, close-grained, red- 
short, or on the other hand as crystalline, coarse, open-grained, 
brittle, cold- short. Notwithstanding all that has been written 
concerning the quality and treatment of iron, and their influence 
on the appearance of the fracture, first pointed out, I believe, 
by Dr. Percy, and so ably shown by Mr. Kirkaldy, there still 
exists a great deal of misapprehension on the subject. A wide- 
spread notion prevails that all good wrought-iron should present 
a fibrous appearance ; by this being meant, that when broken, 
no matter how, the fibres should appear drawn out. Now, the 
manner in which the breakage is effected is all important in 
influencing the appearance of the fracture. The best plates or 
bars rolled, as well as the worst admissible for boiler making, if 
broken short off or snapped in two, will display a short crys- 
talline fracture, quite even and straight ; but whether it be fine 
or coarse will depend entirely upon the quality of the iron. On 
the other hand, if the iron be gradually torn asunder, it will 
show fibre, the fracture being more or less rugged or irregular, 
and possibly at the same time mixed up with the fibres a small 
amount of crystalline fiacture, the fineness or coarseness of the 
whole being an indication of the quality. 

When broken suddenly the best qualities of plate and bar 
exhibit a fine close-grained uniformly crystalline fracture, even 
silky, of a light, silvery colour, the appearance in the harder 
descriptions approaching to that of steeL The appearance 
of indifferently refined and inferior qualities is coarser, usually 
of a darker colour, more or less uneven or open, exhibiting 
large facets, and approaching some descriptions of cast ir.>ii. 
When broken gradually good iron presents a well drawn out 
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close fibre, of light greyi^sh hue, whilst inferior qualities give & 
shorter, more open, and darker fibre. 

A bar or strip of plate cau be broken suddenly by a sharp 
blow, when nicked with a chisel all round or on both sides, 
the nicks being made exactly opposite each other. By making 
a slight nick only on one side, and gradually bending the iron 
away from it, the strip will have time for the exercise of its 
ductility, and display abundant fibre. 

It may be here remarked that metal is to be found enjoying 
the name of wrought iron which will test the ingenuity of any 
one to break it gradually so as to display fibre ; it should be 
needless to add that such rubbish must never be used for boiler 
making. 

'' In the case of the fibrous fracture, the threads are drawn 
out and are viewed externally : in the case of the crystalline 
fracture, the threads in clusters are snapped across, and are 
viewed internally or sectioually " (Kirkaldy). 

When old broken boiler-plates exhibit fibre at one side, and 
a crystalline appearance at the other, it is sometimes said that 
one side has deteriorated more than the other ; but the fact 
probably is, that in the act of breaking one side has parted 
gradually, probably by the cross action of the strain, and as the 
section became diminished the other side has parted suddenly. 

When good ductile iron is gradually torn asunder it draws out 
or stretches to a considerable extent, causing a diminution of 
sectional area at the fractured part, which should always be 
compared with the original sectional area of the specimen in 
judging of the quality. An inferior bar or plate may bear 
as great a tensile strain as a similar specimen of superior 
quality, say 23 tons per square inch of original area, but 
on comparing their fractured areas it will generally appear 
that the latter has been drawn out considerably, and actually 
sustained 30 tons or more per square inch of fractured 
area, whilst the inferior specimen, having stretched but little, 
has not sensibly diminished at the fracture. It is owing to this 
fact that good ductile iron is so much more trustworthy than 
badly refined or cold-short iron where sudden strains occur. 
The one will stretch where the other will snap. 

It is often affirmed that wrought iron changes from fibrous 
to crystalline after enduring long-continued cold-hammering, 
vibration, tension, jarring, and other strains, or after long ex- 
posure to the influence of heat, or alternate expansion and 
contraction when used for the plates of a boiler-furnace. Even 
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the very best plates, after from ten to twenty years' use in a boiler, 

have frequently been found to break without stretching, at the 

same time displaying a crystalline fracture. It has been said 

that this indicates a change having taken place in the nature 

of the material, and that from being fibrous and tough it has, 

through some unexplained cause, become crystallised and 

brittle, or that it has lost its nature in consequence of the 

treatment it has undergone, whatever that may have been. Now 

there is no doubt that the strains and other causes mentioned 

have a tendency to make good iron become brittle and liable to 

snap suddenly under the same treatment that would originally 

have torn it gradually, and in so far a change is produced in its 

pature. This snapping, and not the fatigue of the metal, is, 

however, the direct cause of the crystalline fracture, which is 

but a necessary consequence of the suddenness of the breaking, 

and not a property of the iron itself. To say it snaps readily 

because it has become crystalline is to confound the cause with 

the effect. It is erroneous to say ihe fibrous nature has passed 

out of the iron, for its ductility can, to some extent at least, be 

restored in most cases by simply heating to a bright red, and 

slowly cooling the iron, or failing that, by hammering or rolling 

it while hot. 

By heating to redness and suddenly cooling a piece of wrought 
iron, it will become liable to snap, producing the same effect as 
cold-hammering. The explanation of this is not obvious. It 
may in both cases be owing to the loosening of the crystals 
into which the composition of the material ultimately resolves 
itself. To this cause may also be attributed the same tendency 
to snap after long-oontinued jarring, or, alternate expansion 
and contraction. 

The restoration of the toughness by the application of heat 
in such cases, and still more by the application of pressure, 
may be due to the consequent restoration of the crystals to 
their original positions. 

It may be maintained that all boiler-plate worthy of the 
name is fibrous ; whether its hardness makes it liable to snap, 
and therefore appear crystalline, depends on its original character 
and the treatment it has undergone. No fine iron can, how^ 
ever, by any treatment, except burning, be made to appear 
coarse, and the fibres of the poorer descriptions cannot, with- 
out re- working, be made to appear fine and close grained. 

It is from a want of knowledge of the above facts that false 
0|>iDionB are so often expressed respecting the qualities of 
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plates. The following iiiBtance is perhaps not too well known to 
bear repetition. A scientific witness at an inquiry into the 
cause of a boiler explosion, after expressing himself competent 
to distinguish between bad and good iron, was handed three 
broken specimens to examine and pass an opinion upon. 
These he severally pronounced as good, bad, and indifferent. 
They were all cut from the same strip of plate, and artfully 
broken to present different looking fractures, by which the 
witness was deceived. 

It is not unusual to find eminent engineers at inquests and 
inquiries delivering judgement on the quality of iron without 
anything to base their opinion on except the load per square 
inch required to tear the material asunder. 

As it has just been attempted to show, this can give no true 
indication of the quality of a plate. The precise character of the 
fracture, contraction at broken area compared with original sec^ 
tion, together with the shape and temperature of the test-piece, 
direction of strain, and manner in which the breaking-load is 
applied, as well as the amount of the load, must all^be con- 
sidered. 

If the plate whose quality is ifi question has been taken 
from an old boiler the age should be known and the position in 
the boiler, along with any other circumstances tending to 
throw light on the nature and amount of the strains to which it 
has been exposed, and which may influence the manner of 
breaking. 

As shown by Mr. Kirkaldy, good ductile iron can be made 
to appear crystalline when pulled asunder in the testing- 
machine simply by confining the minimum sectional area where 
fracture will occur to one point, or to a very short length, 
as by turning a narrow groove i# a round bar. By so re- 
ducing the section the shape is rendered unfavourable for 
drawing out, and the specimen is more liable to snap than 
when the minimum sectional area is unifoml for at least fivB 
or six inches. 

In all cases where the elongation and reduction of the 
fractured area are lessened by cold rolling, hammering, altering 
the shape of test-piece, or by applying the strain suddenly, the 
breaking load of the material will be increased in proportion 
to the increased area of fracture. 

For much of our knowledge of the variation of strength in 
boiler plates and bars at different temperatures we are indebted 
to the experiments of Sir W. Fairbairn. The annexed 
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tables give the results of these^ from which it may be seen that 
fix)m 0° to 400° Fahr. the tenacity of platert is practically 
nnifonn. The difference between the strength of wrought 
iron and copper at ordinary working temperatures is yery striking. 



remperature 
Vahr. 



PLATES. 



0° 
60 
114 
212 
270 
340 
395 
doll red 



Drawn asunder ii^ 

the direction of 

the fibre. 



Breaking weight 
per &q. in. in tons. 

21*879 
22-414 
18-462 
19-963 
19-651 
22-307 
20-674 



Drawn asunder 
acroBS the fibre. 



Breaking weight 
I>er sq. in. in tons. 



18-689 
19-714 
20-392 



18-789 
16-299 



RIVET IRON. 


Temperature 
Fahr. 






Breakinsr 




weight per 




sq. in. in tons 


80* 


28-26 


60 


28 06 


114 


31-61 


212 


36-39 


260—270 


86-89 


310—325 


37-62 


416—435 


37-47 


red heat 


15-62 



The Staffordshire plates employed in these tests do not 
appear to have been of good quality. The maximum strength 
of rivet iron — 39 tons — appeared to be attained at a tempera- 
ture of 320^. This is above the temperature at which the 
mean strength of the plates — 20^ tons — was attained ; little or 
no change is observable in the strength of the plates, whilst that 
of the bars is increased nearly one-half. 
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steel is popularly described as iron holding a mid-position 
between cast and wrought iron with respect to the amount of 
carbon it contains, cast iron having from 6 to 2 per cent, of 
carbon, steel from 2 to ^ per cent., whilst wrought iron has a 
percentage varying from i to ^. 

- It is beside the purpose of this work to inquire closely into 
the accuracy of the above description, but it is beyond question 
that the elimination from ordinary cast iron of other ingredients 
besides the surplus amount of carbon is essential for the pro- 
duction of good steel. 

To the intimate chemical union of this medium amount of 
carbon are usually ascribed the remarkable characteristics by 
which the higher classes of steel are distinguished. Whatever 
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influence the presence of other ingredients may have upon its 
quality, it has been satisfactorily shown that the tensile strength 
of steel is intimately connected with its degree of hardness, and 
both these properties are proportioned to the amount of carbon 
in chemical combination. Up to a certain point, which varies 
with the quality of the material, the tenacity of steel may be 
said to increase with its proportion of carbon. With Bessemer 
steel the greatest strength, about 70 tons per square inch, is 
reached when the carbon contained is about 1^ per cent., the 
elongation being then about 2^ per cent. Beyond this degree 
of carbonisation the steel becomes gradually weaker. When 
*the contained carbon is about J per cent., the breaking weight 
is only about 30 tons per square inch, with an elongation of 
16 per cent. With less than f per cent. Bessemer steel will 
not temper, with more than | per cent, it will not weld, and the 
presence of more than 2 per cent, is said to render it useless 
for forging. These amountn, however, vary with the quality 
of the materia], which is influenced by various causes. 

Besides the chemical distinction just mentioned, it is difficult 
to name, without risk of contradiction, a single property 
common to all the various classes of metal that come under the 
denomination steel, by which they may be distinguished from 
wrought iron unless it be superior tensile and compressive 
strength combined with greater resilience and a higher limit of 
elasticity, and even in thes^e respects the difference in some 
exceptional cases is not very marked. 

The higher classes of steel, which will harden and temper, 
and even weld in some cases, not being adapted for constructive 
purposes do not call for special comment, and we shall restrict 
ourselves to the discussion of the properties belonging to the 
milder qualities, which alone are flt for boiler making. 

It was probably the high degree of tenacity and ductility 
exhibited by tool and spring steel that first drew .attention to 
the advantages oifered by this material for constructive pur- 
poses. Its high price, however, long stood in the way of its 
being largely adopted, and this obstacle was only removed by 
the introduction of new methods of manufacture, which can as 
yet be termed improvements only with respect to their com- 
mercial success, and not as affecting the quality of the material. 

According to the mode of manufacture, the material is 
designated crucible cast steel, Bessemer steel, and puddled steel. 
Homogeneous metal is a kind of mild cast steel. The bars 
and plates of this and the two first mentioned descriptions are 
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made from a single ingot ; but in puddled steel they are com- 
posed of many small pieces piled and welded together like 
puddled-iron, and are consequently liable to the same defects. 

In comparing the properties of steel and iron plates there can 
be no dispute that the nature of the processes employed in the 
production of cast-steel is immensely superior to that employed 
in the manufacture of wrought iron for ensuring a uniform 
texture in the material. Cast-steel plates made from a fluid 
mass run into a single ingot, and well worked under the hammer, 
are likely to be perfectly homogeneous and free from the im- 
perfect welds and internal defects caused by the presence of 
cinder and slag, found even in the best puddled-iron, which 
being built up of numerous small pieces, all more or less pro- 
perly welded together, is entirely dependent upon the skill and 
care exercised in its production, for its homogeneity and freedom 
from lamination, blisters and other defects, internal and super- 
fidaL It must, however, be admitted that the homogeneity of 
a bar or plate of cast steel is frequently far less perfect than we 
might expect, and with the best mild steel, although we may 
generally rely upon uniformity of character in any single plate, 
the same uniformity of quality and character running through 
a considerable number of plates cannot be generally obtained. 

Notwithstanding its superiority in tensile strength and other 
properties, steel is as yet in comparatively small request for 
boiler-making. The feeling that still prevails against its em- 
ployment cannot be attributed to the existence of any inherent 
defect in the nature of the material, revealed by the trying ordeal 
of actual work in a boiler, as is known to be the case with cast 
iron* No doubt many absurd objections are still heard against 
the employment of steel plates, such, for instance, as that it 
expands and contracts to such a degree on the application and 
withdrawal of heat as to render it unfit for boiler furnaces ; 
that on heating it warps and twists so much that it cannot be 
used where the plates require to be worked hot, or that it is 
liable to fracture at any moment without warning and without 
any known cause. 

That there is still a certain amount of treachery in steel 
plates when subject to blows and sudden strains cannot be 
denied, but when closely inquired into the prejudice against 
it api>ears to have grown out of the distrust caused by the occa- 
sional failure of the hard steel plates employed at the time of 
the introduction of this material for boiler-making and ship- 
building, when its properties were not so weU understood as at 
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present. The desire to take advantage of their high teoBile 
strength led to the employment of plates of so hard a quality as 
we now know could not be otherwise than brittle and tmtrust- 
worthy. It has been found by experience with different quali- 
ties that in steel plates toughness is incompatible with great 
tensile strength, and these two qualities may be considered as 
being in the inverse ratio to each other. If we insist upon 
having a tensile strength of 40 tons and upwards, we must 
be prepared to find a steel hard and brittle, and therefore 
not adapted for boiler-making. In order to ensure freedom 
from brittleness, from 33 to 36 tons per square inch appears to 
be the maximum tensile strength that can be allowed. Steel 
plates of this strength can be made sufSciently tough and 
ductile to render them safe and also tolerably easily worked. 
This latter is a most important condition, on which depends in 
no small degree the coounercial success of the material for 
boiler-making. 

There can be little doubt that the use of steel for boiler 
plates has been retarded by the want of knowledge of its 
properties and the consequent difficulty sometimes met with in 
working it. The result of this is a disposition on the part of 
the great majority of boiler-makers to avoid using it as much 
as possible. 

Good steel plates, even of the mildest quality, are affected by 
fire in quite a different manner from iron plates. This exer- 
cises an important influence on their behaviour when submitted 
to the operation of flanging and bending at a high temperature. 
In flanging wrought iron it is necessary to heat only a short 
length of the plate at a time, but with steel it is advisable to 
heat a much larger portion of the plate than can be worked by 
the ordinary slow process of flanging at each heating, in order 
to prevent injury. Indeed, it is much better to complete the 
flanging at one or at most two heatings, operating gradually 
to the same degree on the whole extent of the part to be 
flanged. This can, of course, in the majority of cases be done 
only by special machinery, which is now being more extensively 
introduced into boiler-works for the purpose. After such an 
operation is completed, the steel plate cannot be trusted to 
stand rough usage at the part that has been highly heated. It 
is, therefore, advisable to anneal it in order to restore its tough- 
ness. The process of annealing consists in slowly heating the 
plate to a dull red heat, and allowing it to cool again slowly 
and iftiiformly. Immersion in fine ashes or sand is sometimes 
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adopted for this purpose, bat care mast be taken that the plate 
be not so highly heated when the immersion takeft place, as to 
induce a chemical change in its properties when in contact with 
the non-conducting substance. The appearance of the plate 
is sometimes impaired by annealiug, and when required to be 
extensively applied the process of annealing becomes an expen- 
sive one. 

In working a steel plate cold, care should be taken that there 
are no flaws or cracks, as, except in the very mildeRt qualities, 
they are liable to cause fracture. When bent cold, or subject 
to severe straining or jarring, even a ragged edge has a tendency 
to make the plate snap or break suddenly. This phenomenon 
is also common to the harder and more brittle descriptions of 
wrought iron, but in a less degree. For this reason, in working 
cold or bending cast steel plates, especially if at all hard or 
unannealed, all sharp edges and rags left by punching, shearing, 
or chipping should be carefully removed. 

As an instance of the special treatment required by steel, it 
may be mentioned that in hammering down a screwed stay-bolt- 
end of steel, with the thread left on, there is a risk of producing 
foliation, which renders the head liable to snap off. To guard 
against this, it is advisable to turn the thread off the end of the 
stay-bolt, which enables it to be riveted over successfully. 

Respecting the effect of punching on steel plates, we have no 
lack of experiments to show how plates of different qualities are 
affected by this process. It may be here remarked that it is 
mostly to the researches of shipbuilders tliat boiler-makers are in- 
debted for exact experiment-al knowledge of the properties of steel 
plates. One of the principal results obtained, both from experi- 
ments and experience of the material in actual riveted work, is 
that steel plates of average sidtable quality are more injured 
than wrought- iron plates by punching. Eoughly speaking, the 
injury is in proportion to their hardness. For this reason most 
makers of steel boilers have abandoned punching in favour of 
drilling, and with satisfactory results. 

The increased expense of drilling plates for shipbuilding led 
to attempts to discover some means of obviating the injurious 
effects of the punch, and annealing was found to restore the 
toughness of the punched cast-steel plate^ if not entirely at least 
to some extent. 

Some tests were conducted by Mr. Sharp, of Bolton, on the 
comparative strength of drilled and punched holes, when the 
result was found to be for an average of three trials 49 per cent. 
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in favour of drilling. The plates were Bessemer steel ^V thick, 
three being drilled, and three punched with |'' holes at Ij" 
centres. The average breaking strengths were respectively 
86 '25 tons and 24 *33 tons per square inch. 

In some experiments on the strength of punched steel plates, 
conducted by Mr. Barnaby, at Chatham, the average ultimate 
strength of 8 unannealed ^" plates was found to be but 21 tons 
per square inch, whereas 8 similar plates, after annealing, had 
an average strength of 32|- tons, being an increase of about 
65 per cent, or 1 1 J tons per square inch. To ensure uniformity 
of quality in the test pieces, eight ^'' plates were punched with 
four I'' holes, and then cut in two, making two strips from each 
plate for testing, only one of which was annealed. 

The annealed strips shoVed a much greater uniformity of 
resistance than the others, the ranges of strength being re- 
spectively 5^ tons and 9^ tons. The former also bore the usual 
tests of cold bending much better than the latter. 

The clearance of the die has also been found to influence the 
strength of the plate after punching. 

Mr. Sharp found, as the result of four experiments with 
•^^" holes punched in a i" unannealed plate, that when the 
clearance was -^g", tantamount to a considerable countersink, 
the plate was 25 per cent, stronger than when the die was only 
-j3^" larger than the punch. 

Some further experiments recorded by Mr. E. J. Reid, for 
ascertaining to what extent this effect could be relied upon, 
were made with J" Bessemer steel plates punched with -f" holes. 
Four of the test pieces had ^^^ and four had -f^" taper in the 
holes. The gain of strength was about 10 per cent, in favour 
of the increased taper. Mr. Beid remarks that much of the 
injury done to Bessemer steel is due to the strain at the under 
side of the hole. Indications of this in minute cracks may be 
detected on close examination. A little increase in clearance 
removes these, and gives the good result above indicated. 

The same authority gives an account of some experiments 
with ^" puddled steel plates, 2*7 inches broad, having an 
average tensile strength of 33^ tons per square inch length- 
wise, and 27i tons across the fibre. The average strength both 
ways was about four tons per square inch of nett section less 
for punched than for drilled holes, which were f diameter — 
equivalent to a removal of nearly i the section of the strips 
tested. 

Further experiments with strips 4^" wide, having two -^^" 
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holes equal to a removal of rather more than one quarter the 
section, showed a loss of 6 tons per square of nett section.. 

Some experiments were made with eight strips of \" pud- 
dled steel, 4*06 wide, with two-^'' holes punched at equal 
distances from each other and the edges of the strip. Four 
of these pieces were annealed after punching, and four 
were not. The results showed there was no gain from 
annealing, exhibiting a marked difference from the Bessemer 
steel in this respect. The tensile strength was 34 and 30 1 
tons per square inch along and across the fibre. 

Eight tests with J'' crucible cast-steel plates gave an average 
tensile strength of 26*63 tons lengthwise, and 26*21 tons per 
square inch across the fibre. Similar plates -^'^ thick ex- 
hibited a gain in strength from annealing after being pnoched. 
The loss of tenacity by punching was, lengthwise and cross- 
wise respectively, 7 and 3f per cent. The gain of annealed 
over unannealed was 14 per cent, lengthwise and 12 per 
cent, crosswise. 

From the above results it will be seen that Bessemer steel 
in punching sustains a very material amount of injury, and 
should therefore be either drilled or else annealed after the ope- 
ration, when punched. The puddled steel plates experimented 
upon did not suffer so much from punching, nor was their 
strength so fully restored by annealing. 

In consequence of their lower price, steel boiler plates are 
mostly made of Bessemer steel of the mildest quality, but 
crucible cast steel is also sometimes used. Their tensile 
strength cannot be taken at more than 33 tons and 36 tons 
respectively, or about 57 per cent, and 71 per cent, greater 
than wrought iron, the elongation being from 16 to 25 per 
cent, when the quality is good. A steel boiler-shell may 
therefore be made of plates at least one- third less in thick- 
ness than a similar shell of wrought iron, to ensure equal 
strength. But the reduction in thickness of the internal 
flues, which are subject to a collapsing pressure, cannot be 
taken in the same proportion. In compressive strength and 
stiffness mild steel is indeed superior to wrought iron (the ratio 
being about the same as for the tenacity) ; but in estimating 
the collapsing pressure of a furnace-tube of ordinary dimensions 
we shall find that, for a given pressure, the thickness cannot 
be reduced more than about one-sixth, if we substitute steel 
for iron, which gives us ^^^^ instead of i" plates. 

In favour of the steel, however, it may be remarked that 

D 
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the wasting oaaaed by the action of the heat in the farnace ia 
less in thin than in thick plates. For this reason, and also on 
account of the hardness of the steel resisting abrasion better^ 
steel plates are more durable than iron. 

Besides the weight saved by using steel,-^-often a most im- 
portant consideration, — ^it may be urged that the thinner plates 
will conduct the heat more rapidly, and give a corresponding 
superior evaporative efficiency. This superiority is not, strictly 
speaking, in proportion to the reduction of thickness, the rela- 
tive conducting powers of steel and iron being about 218 and 
244. In the case of an internal flue-tube the gain an 1 loss 
would be about equaL But, as we shall see in the chapter on 
Heating Surfaces, we cannot reckon upon any gain in evapora- 
tive efficiency by using a slightly thinner and better conducting 
material. 

The eflects of corrosion on steel boiler plates will be con- 
sidered in its place, along with the wear and tear of boilers. It 
may, however, be here observed that, if the corrosion acts 
equally on both materials, the strength of a thin plate will 
suffer more proportionately than a thicker one. 

Experiments on the strength of steel riveted joints conducted 
and recorded by Mr. Kirkaldy seem to prove that for the size 
of rivet a greater diameter than double the thickness of the 
plate is required for riveting in steel with plates of the thick- 
ness and great tensile strength of those used in the experiments. 
The plates tested were all ■^^" thick by 3' broad, having a 
tensile strength of 43^ tons. Some were in their usual soft 
state, and others were hardened in oiL In the former two ^^" 
rivets failed by shearing, and with two -^^" rivets the plate was 
torn across in two instances with a loss of 45 '6 and 43 *5 per 
cent, of tenacity compared with the solid plate. This shows 
a loss of strength in the nett section equal to about 7 *2 per 
ceut. In the hardened plates ■^^" and y^" rivets were sheared 
through. With a load only 15 '9 per cent, less than that borne 
by the entire soft plate, the hardened plate cut through one ^^" 
rivet, whilst the other remained good, the plate comer tearing 
off. These experiments, taken together with Fairbaim's on iron 
plates, show that in a single-riveted joint, with the rivets just 
large enough to fail before the plates, the loss of strength bears 
about the same proportion to the strength of the solid plate 
whether the joint be of iron or steel ; al^^o that hot rivets do 
not reduce the strength of the plate, and that the plates hard- 
ened in oil and joined together with rivets are fuUy equal in 
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strength to UDJoInted soft plates having the same gross sectional 
area. 

The hardening in oil was found not only to harden, but also 
to considerably toughen the steel. Hardening in water reduced 
the strength. In these experiments the breaking weight of the 
rivet stee] bar was about 38| tons per square inch, and the 
mean shearing strength of the rivets iu the joint was about 
28^ tons, or 26*2 per cent, less than the tensile strength. 
Respecting the results of these experiments, it may be observed 
that the plates were of harder Rteel than can be trusted for 
boiler-making, and the gain in strength by hardening in oil was , 
probably greater than would be found in using milder steel 
which does not temper. The plates also appear to have been 
considerably stronger than the rivets, which may in some mea- 
sure account for the disproportionately large area it was found 
necessary to allow them. 

Experience has shown that much greater care is required in 
heating steel rivets not to injure them, than is necessary when 
iron rivets are used, and they should be hammered down quickly 
before they have time to cool, and closing up by machine is 
preferable to hand riveting when steel rivets are used. 

The use of any but the mildest steel should be avoided, as 
rivets of high steel sometimes become so hard after closing up 
that it is impossible to remove them when repairs are required. 
This is probably owing to the effect of some chill they receive 
in cooling, as might be caused by the water dropping on them, 
which is sometimes used for keeping the cup cool in machine 
riveting. The heads are readily enough knocked off, but the 
shanks will sometimes resist the hardest drill, necessitating the 
cutting out of the plates. The heads of steel rivets, if not 
carefully worked, are more liable to fall off than those of iron, 
by jars, careless caulking, or rough usage. 

It is owing to the above difficulties that the use of steel rivets 

has been altogether given up by some boiler-makers, who prefer 

using iron rivets with steel plates. The usual pitch and 

diameter of rivets is in these cases generally adhered to. It is, 

however, advisable to reduce the pitch slightly, and to use a 

larger number of smaller rivets, to ensure tightness. In wrought- 

iron doable-riveted lap joints and double-fished butt joints, 

with either single or double riveting, the strength of the rivets 

is usually in excess of that of the plates up to ^" in thickness. 

By ufldng the same size and pitch of rivets with steel plates the 

equality in strength is more nearly attained. 

D 2 
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Mr. Kirkaldy records two experiments on the strength of 
welded steel bars. The results were very unsatisfactory, one 
bar breaking with a loss of 45 and the other of 59*6 per cent. 
Two other bars parted at the weld daring the operation of form- 
ing the heads for testing. As the tensile strength of the an- 
welded steel bar was about 50^ tons, it would not be so 
favourable for welding soundly as one of milder steeL It is 
considered that Bessemer steel having a tenacity of from 35 to 
45 tons both tempers and welds badly. With a less strength 
it will not temper, but can be welded ; and with a greater 
tenacity it will not weld, but tempers well. 

The following tests are those given by Cammell and Co. for 
steel plates : — 

Forge test (hot). — ^All plates one inch thick and under to 
bend hot without fracture to an angle of 180% both lengthwise 
and across the grain. 

Forge test (cold), — ^All plates will admit of bending cold with- 
out fracture as follows : — 

Bessemer plates : — tensile strength lengthwise 33 tons per square 
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Crucible cast-steel plates : — tensile strength lengUi,wise 38 tons per 

square inch. 
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CHAPTER IV. 

RIVETING. 

UiTTiii boiler-shells and tubes of large diameter can be 
rolled from a solid block like tyres, or drawn solid like small 
tubes, the edges of both iron and steel boiler plates require to 
be joined either by welding or riveting. 

But few if any engineers are now to be met with who would 
venture to maintain that the riveted lap-joints of a new boiler 
are stronger than the entire plate ; yet this was the current 
opinion some forty years ago, however incredible it may now 
appear. It was only after numerous direct experiments had 
proved its fallacy that the error was abandoned. By what 
show of reasoning this view was arrived at, it is difficult to con- 
ceive. Perhaps the union of the plates was regarded as perfect ; 
and then the conclusion would naturally follow, that the double 
thickness was stronger than the single. The nip of the rivet 
in cooling may have been accredited with a greater value than 
we are now inclined to assign to it 

Generally speaking, the riveted joints are the weakest poition 
of a new boiler, when there are no large unstrengthened dome 
or man-holes. Since the strength of a structure must be mea- 
sured by its weakest part, — -the strength of a chain by its weakest 
link, — the subject of riveting becomes all important. 

Bi voted joints are of various descriptions : those we are con- 
cerned with are designated single and double riveted lap-joints, 
single and doable riveted butt-joints. The latter are made 
with either a single or double covering-strip, welt, or fish-plate, 
as the piece joining the plates is variously called. Double- 
riveted joints, both lap and butt, may have their rivets arranged 
one row directly behind the other, called chain riveting, or in 
zigzag fashion, which is most common and the best for boiler- 
making. 

The rivets themselves are of various descriptions, or rather 
their heads are made in various forms. There is first, the ordi- 
nary conical or pointed head, which is formed by knocking 
down the point with light hammers. This shape is always 
employed where the space available for hammering down the 
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point is limited, as when e£fectiDg repairs with the boiler on its 
seat. Although to some extent employed in new work, it is 
not so well liked as formerly, there being nothing to recommend 
it but the facility of making and the shapely appearance it pre- 
sents when well formed. The thinness of the collar renders it 
more vulnerable than the snap head when attacked by corro- 
sion. The height of the conical head varies in different works, 
but it should be made about equal to f the diameter of rivet. 
It is, however, commonly made too flat, which, besides having 
the defect of offering little material to withstand corrosioD, 
frequently causes the head to be very brittle and easily de- 
tached by a single blow from a hand hammer. This brittleness 
is probably caused by the sudden cooling of the small quantity 
of iron for the point when inserted in the hole and flattened 
out, together with the amount of cold hammering the iron re- 
ceives in finishing. 

The snap or cup head is the best, and is formed by roughly 
hammering down the point ; the form of the head being com- 
pleted by holding a cup-shaped die on it, which is struck with 
a heavy hammer. The height of the snaphead should be about 
f the diameter of rivet, but it varies considerably, being froi& 
^ to f the diameter. The diameter of the head also varies con- 
siderably ; the usual custom is to make the shoulder from 
iV ' ^ "fk"" ^^^ rivets from |" to i" diameter. 

Most makers avoid majcing the bottom of the head cylindrical 
or parallel, but bring it to a sharp edge to facilitate caulking. 
This shape is the best for machine riveting, where the edge of 
the head cannot be finished off as in cupping by hand, but 
usually requires to be subsequently dressed and caulked. 

The countersunk head is formed by hammering down the 
point into the conical hole prepared for it ; it is then usually 
dressed off with a chisel and hammer. Although extensively 
used in ship-building, its employment in boiler-making is 
almost limited to cases where even surfabes are required for 
mountings, &c. 

Countersinking should always be avoided in riveting angle- 
irons, saddle-plates, or brackets, employed for securing stays, 
or wherever the force acts in the direction of the length of the 
rivet. Not only is the countersinking liable to leak under such 
circumstances, but the head has a very insecure hold of the 
plate, and is liable to be drawn through the hole by a much 
less pressure than is required to tear the rivet asunder. 

The allowance made in the length of the rivet for forming 
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the head should be about 1^ times the diameter for snap luid 
conical heads, and about equal to the diameter for countersunk 
heads. In machine riveting the length requires to be i" to ^" 
more than the above. 

The tails of the rivets are generally made pan or flat shaped, 
except in machine riveting, where the cup or similar form is 
almost invariably employed. 

In making the different-shaped heads the rivets may be closed 
up either hot or cold : the latter method is said to be employed 
to some extent in the United States, but very rarely in this 
country. The closing up may be effected either by hand or by 
machine worked by steam, water, or compressed-air power. 

Machine rivetiug upsets the rivet and closes up the hole 
better than hand riveting, as the dead heavy pressure is exerted 
through the whole mass of the rivet, and the effect is not con- 
centrated upon the point as it must be with a succession of light 
sharp blows from a hammer. The evil of the rivet not filling 
the hole well is sometimes aggravated in hand work by the 
blows being dealt on the circumference of the point, in order 
to form a shoulder speedily to resist the hammering, instead of 
letting them fall dead on the point, which should tend to make 
the rivet first fill the hole before the shoulder is formed. 

The possible disadvantage of machine riveting is that the 
plates may not be nipped tightly together, and the rivet may 
be squeezed out between them, causing a permanent separation 
of the surfaces which should be in contact. The pressure of 
the machine not coming on to the plates until the hole has 
been, filled, is sometimes not so effective in closing the joint as 
the lighter pressure brought upon the plates in hand riveting, 
where the men drop a few blows round the hole before operating 
on the rivet in order to set the plates close together. 

Hydraulic riveting is more gradual, and is generally prefer- 
able to steam riveting, the pressure with which often comes 
upon the rivet with a violent blow, and does not allow time for 
the rivet to fill the hole so well as with the former method ; but 
it is still preferable to hand riveting, although the appearance 
of the last is the most pleasing to the eye. 

As the result of numerous experiments by different authori- 
ties, the average tensile strength of good rivet iron may be taken 
at 24 or 25 tons per square inch. It is but seldom, however, 
that the tensile strength of a rivet is taxed in a boiler except in 
the flat end plate, mounting and stay attachments, where the 
stress tends to tear off the heads. In a lap joint and single- 
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fished buH joint the force pulling the plates asunder tends to 
shear the rivets thi ough in one place only, in the direction of 
its diameter, — this is called a single shear. In a double-fished 
butt joint the rivet is exposed to a double shear, as the plates 
in parting asunder tend to cut the rivet through in two places. 

It hus been determined by experiment that the ultimate re- 
sistance to shearing is proportional to the area of the rivet, and 
is practically the same as the ultimate resistance to a direct 
longitudinal tensile stress, or 25 tons per square inch. As a rivet 
in doable shear offers twice the area to resist breaking that it 
does in single shear, it should evidently be twice as strong in 
the former case as in the latter. The above cannot, however, 
be regarded as the shearing resistance of a rivet in actual boiler 
work, where its strength is affected by the heating and hammer* 
ing down to fill the hole and to form the head, and in tbe 
second place by the tension produced by contraction in cooling. 

In $;ome experiments undertaken for the Admiralty at Chai;- 
ham i" rivets of best Yorkshire iron were found to have a mean 
single shearing strength of 10 tons each (a fact easily remem- 
bered, and of some use, as f is a very common size for 
boiler rivets), and a double-shearing strength of 18 tons. These 
strengths correspond respectively to about 22|^ tons and 20^ 
tons per square inch of sectional area sheared through. Mr. 
Doyne found the strength of rivets of various sizes and descrip- 
tions in ordinary riveted work averaged 18*82 tons for single 
shear and 17 tons for double shear per square inch of sectional 
area. The longitudinal tensile strength of the rivet not being 
given, we are unable to estimate the loss of strength due to 
riveting up. 

The shearing strength of iron rivets with thin steel plates 
has been found to be less than with iron plates of the same 
strength. This is probably due to the harder steel cutting into 
the iron of the rivet. The average of eight experiments by 
Mr. Sharp with steel plates and iron rivets gave 18*68 tons per 
square inch. 

We may safely take the strength of the rivet as equal to the 
tensile strength of the plate, or 21 tons per square inch for 
either single or double shear. 

It is obvious that the contraction of the rivet in cooling must 
press the plates between the heads closely together. The 
tension thus caused, (although affecting the shearing strength of 
the rivet, must add materially to the strength and tightness of 
the joint. Mr. E. Clark^ in his work ou the Britannia and 
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Conway Tabular Bridges, gives an account of some interesting 
experiments to ascertain the amount of friction caused by the 
contraction of rivets in cooling, accompanied by some excellent 
remarks' : — 

. ''The contraction of a wrought-iron rod in cooling is about 
equivalent to fTT^iTTr ^^ ^^ length from a decrease of temperature 
of 15° Fahrenheit, and the strain thus induced is about 1 ton 
for every square inch of sectional area in the bar. Thus, if a 
rivet 1 inch in section were closed at a temperature of 900°, 
it would, in cooling, decrease in length Yn^^f^ ^^ ^^ length, 
and, if its elasticity and strength remained perfect, would pro- 
duce a tension of 60 tons. The ultimate strength of rivet iron, 
however, beiug only 24 tons, the rivet would, in cooling, be 
permanently elongated, and would continue when cool to exert 
a tension of 24 tons, provided its elasticity remain uninjured 
by the strain. Thus, if the rivet were not in contact with the 
plates, excepting at the head and tail, the plates would be held 
together by a pressure of 24 tons, and this friction would have 
to be overcome before the rivet came into action as a mere pin. 

*' The following experiments were made to ascertain the 
value of friction induced by this cooling and consequent co]> 
traction of the rivets, and the force requisite to slide the plates 
over each other. For this purpose three f-inch plates were 
riveted together with a single ^inch rivet, but the hole in the 
centre-plate was oval, and very mueh larger than the rivet, 
being 2^ inches in its longest diameter. Weights were sus- 
pended from the centre-plate until it slipped and bore upon the 
rivet ; it supported 5 '59 tons before it began to sUde, whkh it 
did abruptly. 

''The experiment was repeated with the addition of an 
^-inch plate of iron riveted on each side, between the heads of 
the rivet and the plates, making the shank of the rivet 
2^ inches long ; 4 *47 tons caused the plates to slide. 

" The last rivet having been found faulty, the experiment 
was repeated exactly as before, and the plates sustained 
7*94 tons before they slipped. 

" In the next experiment a ^-inch rivet was inserted through 
two -j^" plates^ with large boles,, with, a -^^-inch washer on each 
side next the rivet-head. This combination supported 4 *7 3 tons 
before it gave way.*' 

In his work on '^Ship-buildisg,'' Mr. E. J. Beed records 
some experiments of a more detailed description than those of 

Mr. Clark. 

s 3 
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" Three platM were united by whsA is known bb a ' chain- 
joint ' — that is, the eode of the two outer pUtea overlapped tha 
end of the middle plate. The couueetion of the plates wag 
made by three rivBts passing through the lap, the rivet-holes in 
the outer plates being filled by the rivets, but the bearing Bur- 
foce of the holes in the middle plate being Blotted out, as 
shown in the sketch (fig. 2). It will thus be obvious that 
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when a tensile strain was brought 
upon the middle plate, the amount 
of the friction could be measured 
by the force juEt able to produce 
a sliding motion. The breadth of 
the lap was three diameters, the 
rivets were a diameter clear of the 
edge of the plates, and their pitch 
was four diameterB. There were two 
iets of ezperimeniB mode with iron 
plates and rivets, and in each set 
two experiments were made with 
rivets having heads and points snap 
headed ; two others with rivets having 
pan heads and conical points ; and 
the remaining two with rivets having 
countersunk heads and points. Ths 
eiperimenti were muiie in duplicate, 
in order to reduce the chance of error. The first set of experi- 
ments were made with ^-inch plates, 8^ iaches wide, the rivets 
being | inch. The results were as follows : — 






Fricti^p^rRivat | 


EipsrlmsDt. 


...iS,.,, 


m™. 


amp heads and pointa. . 
Fan heads and oonicsl points . 

M«suoftheUu«e . 


Taos. 
6-14 

4-56 


4'21 
4-81 
3-7* 


4°87* 
50 
4-lS 
4'61 



The second set of experiments were made with plates 11 inches 
wide and |-iuch thick, the rivets used being I inch diamet«r. 
The following results were obtained under the above-stated 
conditions of pitch of rivets, lap, ice, : — ■ 
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m 

Description of Rivet. 


Friction per Rivet. 


1st 
Es^ieriment. 


2nd 
Experiment. 


. Mean. 


Snap heads and points . . 
Fan heads and conical points . 
Coontersnnk heads and points . 
Mean of the three . 


Tons. 
5-84 
6-87 
4-56 

• ■ • 


Tons. 
5-64 
7-24 
4-09 

• • • 


Tons. 

57 

7-0 

4-3 

5-6 



"In addition to these experiments with iron plates and 
rivets, two other sets of experiments were made with steel 
plates and rivets of exactly the same dimensions as those used 
in the former experiments, the pitch of rivets, breadth of lap, 
&a, being in each case identical with those previously given. 
With |-inch plates and |-inch rivets, the uesults obtained were 
as follows : — 



Description of Rivet. 


Friction per Rivet. 


Ist 
Exx)eriment. 


9nd 
Experiment. 


Mean. 


Snap heads and points . . 
Pan heads and conical points . 
Conntersank heads and points . 
Mean of the three . 


Tons. 
3-86 
4-79 
3-63 

• • • 


Tons. 
4-09 
4-79 
3-43 

• ■ • 


Tons. 

3-98 

479 

3-63 

41 



With |-inoh plates and 1-inch rivets, the following results 
were obtidned : — 



Description of Rivet. 



Snap heads and points . . 
Fan heads and conical points . 
Conntersank heads and points . 
Mean of the three . 



Friction per Rivet. 



Ist 
Experiment. 



Tons. 
6-43 
6-49 
6-14 



2nd 
Experiment. 



Tons. 

6-49 

None made. 

4-91 



Mean. 



Tons. 
5.96 
5-49 
6-02 
5-49 



« It thus appears that rivets with pan heads and conical 
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points have the advantage over both the other descriptions of 
riveting. The only exception to this is found in the second 
set of the experiments \yith steel plates and rivets ; but, as onlj 
cue experiment was made, the result caonot be relied on. It 
also becomes evident that countersunk riveting causes much 
leas friction than the other systems. On comparison, it will be 
seen that in nearly all cases steel plates and rivets give less 
friction than iron, the only exception being the cases of rivets 
with snap heads and points, and those with countersunk heads 
and points, in the same set of experiments. The former of 
these exceptions is scarcely worth notice, as the difference is so 
smalL The urc of larger rivets with the same pitch, t&c, gives 
an increase in the friction, but no law of increase appears to be 
conformed to. 

^' Although these experiments do not give any definite idea 
of the probable amount of friction which would result from the 
use of rivets having different diameters and pitch, they yet 
serve to show how much the strength of a riveted joint ia 
increased by the contraction of the rivets." 

Now, if we take the coefficient of friction of wrought iron 
upon wrpught iron at *18, and assume the rivets to act with 
the full tension of 24 tons per square inch of section in squeez- 
ing the plates together, we should require 4*3 tons weight per 
square inch of rivet to overcome the friction of the two surfaces. 
The high results obtained from the experiments were probably 
due to the inequalities and dirt on the surfaces of the plates in 
contact, which would materially increase the friction . 

It must not, however, be concluded that the value of a rivet 
is to be determined by adding to its shearing strength the 
amount of friction between the plates produced by its contrac- 
tion in cooling. Although these two elements of strength act 
together in a well-filled hole, they c«nnot be considered as 
acting independently. Whatever gain is obtained by the con- 
struction ia to some extent counterbalanced by the loss of 
strength due to the tension on the rivet. 

The manner in which a severe tensile strain affects a lap joint 
by pulling it athwart the line of strain (fig. 7, page 69), must 
also lend to diminish the friction of the plates. Long before the 
ultimate resistance of the joint is reached, especially withsing:le 
riveting, the friction of the plates must be greatly diminished, 
and cannot be regarded as materially influencing the ultimate 
strength of the joint. 

Ill old boilers it is probable that the tension of the rivet 
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becomes gradually eased hy the continual Btraiuing and altera- 
tion of temperature, which vill in time affect the nature of Qie 
iiOD. The friction may not, hoirever, be dimiuiahed ia the 
same proportion, as we may expect the contact of the surfaces 
to be«)me more perfect after long wear together. 

There can he no doubt that severe caulking, aa commonly 
practised, must tend to diminish the friction between the plates, 
especially when they are thin. The sketch (% 3) showa 

Pig. 3. 



the maoner, Homewhsit exaggerated, in which the plates are 
forced apart by the caulking, when done with a set and heavy 
hainmer. 

When the edge of the caulking tool is very thin, it is some- 
times driven by careless workmen right into the joint, wedging 
it wide open. There shoold now no longer be necessity for 
severe caulking, since it has become the practice in all good 
boiler works to plaue the edges of the plates. Thia not only leaves 
a better edge for light caulking, especially when it is slightly 
bevelled, but at the same time it enables a more uniform 
amount of lap from the centre of the bole to be msintained 
than «Iien the edges were dressed by hand, and conduces 
greatly to the facility of making a tight joint. 

In trying situatioux, where it is diCBcult to keep a joint 
tight, too much lap is decidedly worxe than a slight deficiency. 
One and a half times the diameter from the ceutre of the rivet 
to the edge of the plate is found sufficient in every case. 

Severe and careless caulking has more to answer for than is 
commonly supposed. On the inside of the boiler it often 
induces grooving and fracture, and even where grooving has no 
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existence, the fractures of the plates in exploded boilers often 
follow the line of caulking in preference to the line of rivet 
holes. 

The contraction of the rivet in cooling must act transversely 
as well as longitadiually, and thus cause it to become slack in 
the hole it filled while hot. This shrinkage in the diameter is 
also increased by the tension due to- longitudinal contraction. 
That the total shrinkage from these causes is very slight, is 
shown by the difficulty sometimes found in distinguishing the 
line between the rivet and plate in specimens of machine- 
riveted work, planed down to exhibit the quality of the work- 
manship. 

It is sometimes affirmed that the red-hot rivet acts injuri- 
ously on the iron round the hole in hard and steely plates, 
especially if cooled suddenly. For this reason, and also to 
obviate the teusional strain caused by the contraction of hot 
rivets, some engineers have advocated the use of cold riveting. 
This certainly has the advantage of precluding the employment 
of all but the very best rivet iron, and of demanding that the holes 
shall coincide. On the other hand, it is eaid, cold hammering 
acts injuriously on the rivet- head ; and on this account, as we 
stated above, conical heads are falling into disuse. It is, how- 
ever, questionable whether the amount of hammering that 
might damage bad iron would seriously affect iron of good 
quality. 

When the length of the rivet is considerable — as, for instance, 
in the joint at the fire-hx>1e and fire-box foundation rings of 
some locomotive and vertical boilers — ^the contraction in cooling 
often affects the strength of the rivet to an injurious degree, 
and draws off the head. As the contraction should be propor- 
tionate to the length of the rivet, it is not very clear why the 
strength is affected by the length, unless the tension is concen- 
trated just beneath the point where the rivet remains longest 
hot. 

Besides the shearing and stretching strains just considered, 
boiler rivets are exposed to other severe tests. The heads are 
liable to be knocked off externally by the rough usage in re- 
moving the boiler from the maker's. Inside, the heads are often 
detached by the careless use of hammers and picks in removing 
incrustation. 

The jarring effect from hammering, when the boiler is under- 
going repairs, frequently results in detaching brittle rivet-heads, 
and when exposed to the action of the fire they are liable to * be 
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bamt, and are easily knocked off by a careless stoker. For 
these reasons alone, it is evident that rivets should be made of 
first-rate iron. Yet this is far from being the general practice, 
aud the large quantities of rubbish that command a sale as 
boiler rivets is a proof of the greed, recklessness, and ignorance 
of the maker and purchaser of the boiler, the one being fre- 
quently no more blamable than the other. 

Whilst rivets of bad iron can often be detached by a few 
sharp blows with a light hammer, it requires from twelve to 
twenty powerful blows with a quarter-hammer to force off a 
•f-Uich rivet-head. With indifferent iron, little or no distortion 
by the hammering is apparent ; but with very good iron the 
distortion is so great that the portion of the head operated upon 
will be found flattened by the set, past the edge of the hole, 
before the iron in the shank yields. 

Rivet-holes may be punched or drilled. Both methods have 
their partizans, who persistently maintain the superiority of the 
system they advocate over the other. The usual arguments in 
favour of punching are a saving of from one- third to one-sixth of 
time and labour as compared with drilling — a most conclusive 
argument with the manufacturer, but it does not apply so 
strongly when multiple drilling-machines can be used. The 
shape of the punched hole, which is conoidal and slightly 
countersunk, is considered by many to be more favourable for 
tight work than a hole made by the drill, which is parallel or 
cylindricaL There are many boiler-yards not well provided with 
machinery, where even the roundness of drilled holes cannot be 
depended upon in the haste that accompanies most of the opera- 
tions in boiler- making. The punch leaves no burr behind it, as 
the drill does, and which should be dressed off, but is too often 
forgotten. When the overlapping plates are drilled together, 
the burr between them should always be removed, as it is liable 
to prevent their closing tightly to make a good joiut. 

It is argued in favour of the drill, that the positions of the 
holes marked off from the overlapping plate can be preserved 
more faithfully with it than with the punch. This is, doubtless, 
a strong argument if it can be maintained, for these half-blind 
holes are the bane of boiler-making. But many affirm, and 
with good reason, that a careful and skilful workman can punch 
the holes as accurately as they are likely to be drilled, unless 
both plates are pierced together. In some boiler-yards the 
accuracy of the punched holes is ensured by the use of a self- 
acting traveller for feeding in the plate. When the positions of 
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the holes are marked by a centre-punch, the plan is sometimes 
adopted of foriniug a very small projection on the bottom of 
the punch, which enables the centres of the holes in the plate to 
be felt for, thereby ensuring as much accuracy as can be elaimed 
for drilling. A somewhat questionable argument in favour of 
drilled holes is, that the rivets are more easily removed when 
repairs are required. But the chief argument in favour of' the 
drill is, that it does not injure the plates like the punch. 

All kinds of boiler plates, worthy of the name, will bear punch- 
ing, and in the great majority of cases without exhibiting any indi- 
cations of injury from the process, when submitted to the ordinary 
modes of scrutiny. Yet the quality of the plate has an important 
influence on its manner of bearing the severe treatment it under- 
goes at the punching-macbiae. Inferior and badly refined 
plates, being brittle, suH'er to a much greater extent than those 
of better and more ductile quality. In fact, punching a hole at 
the usual distance from the edge (one diameter clear) in an in- 
ferior ship plate will often produce fracture. It is not always 
the very best brands that pass through the ordeal of punching 
with the least injury. Some of the Best Yorkshire plates are of 
a hard and stubborn nature, although ductile, and possibly do 
not bear punching so well as some of the softer South Stafford- 
shire irons. 

There is still a want of conclusive experimental evidence to 
decide the precise amount of injury plates of different quality 
and thickness, with holes of different diameter, pitch, and dis- 
tance from edge, sustain in punching. It is generally assumed 
that plates of fair quality, having a tenacity of 21 tons per 
square inch, cannot be relied upon to bear more than 16 or 17 
tons per square inch of section left between holes in ordinary 
steam-tight riveted joints, equivalent to about 24 and 20 per 
cent, loss of strength. This is a maximum loss for hard plates 
of average boiler quality ; but many soft plates do not suffer 
more than from 4 to 8 per cent, loss of strength with the holes 
punched a whole diameter clear of the edge, and at the second, 
row of rivets in double riveting do not suffer at all. If the 
edge of the plate has been cut near the edge of the slab, it will be 
likely to suffer more in punching than if cut some distance from 
it. As the risk of damaging a plate by punching diminishes 
as the distance of the hole from the edge increases, some boiler- 
owners who pi-efer punching to drilling specify their plates to 
be cut about half an inch larger all round than their finished 
size, in order to keep the holes a safe distance from the edge in 
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punching. The surplus material is subsequently planed or 
dressed off. 

The violence done to the plate may be seen more clearly by 
considering the force requisite to punch it. It has been found 
by experiment that the resistance of a wrought-iron plate to 
panching is about the same as its resistance to teariug by a 
tensile ^train. Taking this at 21 tous per square inch, and 
regarding the resistance to the punch as measured, not by the 
area of the hole, but by the area of the metal separated, or the 
circumference of the hole multiplied by the thickness of the 
plate, we have d x tt X * X 21 = force, which just balances 
resistance to punching a hole of diameter d through a plate of 
thickness t. The resistance increases directly as the thickness of 
plate, diameter of hole, and strength of plate, and will be 
affected by the condition of the punch and clearance of the 
die. For a I -inch hole through a |-inch plate the force re- 
quired is about 24 i tons. We can also readily find the 
greatest thickness of plate we can perforate with a punch of 
given diameter, or the least size of hole we can punch in a 
plate of given thickness, the compressive strength of the punch 
being given. Assuming this to be 100 tons per square inch, 
and the maximum resistance of wrought iron at 25 tons, we 
have the resistance of the plate =:2rX7rXtx 25, and the 
resistance of the punch to crushing = r' x tt X 100. It is 
evident that when i = 2 r, or diameter of hole, the two resist- 
ances are equal. We find, therefore, that when the compressive 
strength of the punch is just over four times as great as the 
tearing strength of the plate, it will just perforate a hole of a 
diameter equal to the thickness. If the thickness of plate be 
greater than the diameter of hole the punch must be stronger, 
or the plate weaker, than we have assumed, or the hole cannot 
be punched. In practice, it is rarely if ever attempted to punch 
a hole less in diameter than the thickness of the plate. An 
inch and a quarter hole through an inch and a quarter plate is 
what a good machine should have power to punch. 

The holes are punched slightly larger than the diameter of 
the rivet, to allow its easy insertion when red hot. For |-inch 
rivets a bare -^^ inch in diameter is commonly allowed. This 
increase of diameter should obviously increase with the size of 
rivet. The punch should be formed slightly largest in diameter 
at the face, which is best made somewhat concave, rather than 
flat or convex, to make a dean cut. The hole in the die is 
always made somewhat larger than the punch, to lessen the 
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friction and to allow the wad or burr, as the piece of iron is 
called, to be forced out more readily than if the die were -au 
exact fit. The less the olearanoe between the punch and the 
die, the greater the distress of the plate. The diOerence in 
size between the punch and the die is the cause of the conical 
shape of the punched hole. The sizes are usually in the ratio 
of from] :l-ltol:l-2. By increasing the size of the.die suf- 
ficiently the holes can be made oountersunk through the whole 
thickness of plate. Advantage is sometimes taken of this in 
ship- building. The plates are put together so that the small 
ends of the holes are inside (fig. i). The rivet is formed with 

Fig. t. Pig. 5. 



A taper next the head (fig. 4), which fills the conical hole iif one 
plate, and the hole in the other plate is filled bj hammering 
down the rivet. By thia means the holes &re more likelj to bo 
completely filled up. 

It is uaaally understood that boiler plates with punched holes 
are always arranged with the holes lying together aa in fig, 5, 
and an importance is attached to this arrangement which has, 
perhaps, been somewhat overrated. Where the steel drift 
is employed (and where is its nne altogether dispensed with }) it 
will upset the edge of the hole between the plates, and separata 
the contact of their surfaces to a greater extent than when the 
larger ends of the holes are brought together, and thereby impair 
the efficiency of the joints On the other hand, however, ham- 
mering up the rivet in a hole with the small ends ontside tends 
to wedge the plates asunder. Besides, in the event of a rivet- 
head being accidentallj^ knocked off, the first-mentioned arrange* 
meut of the holes will. still retain the rivet in its place, and 
hold the plates together. The tension due to the contraction of 
the rivet in coaling is by this arrangement spread over the whole 
length of the hole, and is not concentrated at its ends. The 
''■-•ida have, therefore, comparatively little to do. All things 
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Fig. 6. 





ooDsidered, thift method has its advantages* which appear to 
justify the favour in which it is held, aud which outweigh any 
little defects incidental to its employment. When repairs are 
required, the difficulty of getting the rivets out is about equal 
ia any arrangement, if the holes are well filled and the work- 
manship is good. 

It is of the greatest importance that the corresponding holes 
in adjoining plates should coincide, and not partially overlap 
each other, or be half blind, as it is called (fig. 6). In rough 
work too little attention is paid to 
this matter, and even where great 
care is used in marking off and 
punching or drilling, cases of holes 
not coinciding will frequently occur. 
Not only do these defects add to 
the difficulty of making the joint 
tight by distorting the rivet and . 
preventing it from filling the hole 
properly, but it also leads to the 
use of the drift, which in the hands 
of careless workmen is often hammered into the hole in 
such a reckless manner as to cause serious injury to the 
plates. With the use of the drift, which is a short steel spindle 
with a taper end, the holes are forced and contorted into an 
irregular shape, sufficiently large to admit of the insertion of 
the rivet, which passes obliquely through the plates. It will 
depend upon the degree of blindness whether the hot rivet can 
be hammered up to fill the contorted hole or not, and make a 
tight joint, and whether its oblique position seriously affects its 
power to resist the strain it is designed to bear. When, as the 
result of bad workmanship, the rivet cannot be inserted with- 
out recourse to some means for straightening the holes, it is 
best to rimer them out and use a larger rivet. This has the 
advantage of not distressing the plate, which is sometimes sup- 
posed to be sorely enough tried in the first place by the punch- 
ing. This method is sometimes employed throughout the rivet 
work, the holes being all punched or drilled somewhat less than 
required, and afterwards rimered to the full size. Should the 
plate not be drawn quite close together before the rimer is 
inserted, the particles of iron are liable to find their way be- 
tween them and impair the tightness of the joint. This plan 
destroys the conical form of the punched holes, but ensures a 
better job than the ordinary careless methods of riveting. 



68 



A TREATISE ON STEAM BOILERS. 



Several experiments have been made to determine the relative 
value of drilled and punched plates in riveted work. 

Mr. W. H. Maynard arrived at the following results with 
four bard out from the same plate, two being punched and two 
drilled, with 1-inch holes having the same sectional area at the 
reduced part — 1^ square inches. 



Breaking weight In tons. 


Difference in 
toniS. 


Difference per 

cent, in favour 

of drilled. 


Experi- 
ment. 


Drilled bar. 


Funobed bar. 


iBt 

2nd 


304 
. 314 

31 


26 
26 


44 
54 


17 
21 


-Mean. 


26 


5 


19 



The quality of the plates and the appearance of the fracture 
are not given, which renders these experiments of little value for 
deducing any general rule. The following are the results of 
some experiments by the same authority to test the difference 
in value between rivets in punched holes and similar rivets in 
drilled holes : — 

^inch rivets in drilled holes. 

Ist, single shear = 26 tons per square inch. Double shear = 
39-2 tons. 

2nd, single shear •= 26 4 tons per square inch. Double 
shear, — Experiment failed. 

^-inch rivets in punched holes. 

Isf , single shear = 27 *2 tons per square inch. Double shear = 
45*6 tons. 

2nd, single shear = 26 tons per square inch. Double shear, — 
Experiment failed. 

Mr. Maynard considers the above as conclusive that rivets in 
drilled holes, subject to shearing strain, were about four per 
cent, weaker than rivets in punched hole^ under similar strain, 
and thinks the sharp edges of the drilled holes have a greater 
tendency to nip off the rivets than the rounded edges of the 
punched holes. This conclusion has been coTifirmed by more 
recent experiments in America. The rivets appeared cut off 
cleaner by the drilled plates than by the punched. 
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la comparing tbe Btrength of pnnched and drilled work toge- 
ther, Mr. Maynard concludea, 1st, that drillad platm are 
stronger than punched bj 19 per cent ; Sod, that rivets are 
weaker in drilled holea than in punched by four per oent. ; 3rd, 
that the difference is in favonr of drilled work by 15 per cent. 

The above concluaioDs wonld require to be modified for dif- 
ferent quautitiea of rivets, pUtes, and workmanship. 

Sir W. Fairbairn, in his " Useful Information for Engineer*," 
gives a detailtd acconot of aome experimeut made ou the 
strength of single and doable riveted lap and butt joints, with 
pnnched holes, both snap and counteisunk heads being used. 
The riveting wa^ done both by hand and machinery, and, as we 
should expect, the latter proved the more etfuctive. The joints 
with counteiBunk heads were fonnd to be abjut as strong as the 
others, although there must have been a dimioution of strength 
corresponding to the amoant cut out by the countersinking. 
Tbe donble-riveted lap joint was found to have a strength very 
slightly inferior to that corresponding to the section of the plate 
left between rivet holes, showing the plates had not suffered 
materially by the punching. The single-riveted lap joint showed 
au average loss of strength of 24 per cent, over and above the 
lofls due to the reduction of section at the line of rivet holes. 
In this case the pnachiog may have had a more injarions effect 
OD the plates, the line of holes being nearer the edge than the 
line which bears the brant of the stmn in the double-riveted 
joint. However, the inferior strength must be mainly ascribed 
to the manner in which the tension strains the joint, and draws 
it athwart the line of atrun, as shown in fig. 7. The joint will 

Pij.7. 



always tend to aannme this form nnder severe tenaional strain in 
consequence of the force tending to act in a direct line through 
tbe middle of the plates. The joint here manifestly acts at a 
disadvantage, tbe strain being unequally distributed among the 
fibres of the plate, those of Ute inride of the joint at the centre 
of the rivet bearing more than tbe rest. The tliicker the plate, 



70 A TREATISE ON STEAM BOILERS. 

the greater will be the noequal (lifitribntion of the strera, the 
leverage varjiag bs the thicknees of the plate. The same action 
occnrg in a double- riveted lap joint, but in a much less degree, 
as the force acta nith lew angularitj, and consequentl; more 
unifonuljr ovex the fibres of the iron. 

The butt joint with single strip behaves in a somewhat similar 
maimer, acting like two laps placed together (fig. 8). In tba 

Fig. 8. 



longitudinal fieams of an ordinarj cjliodrical boiler, this pro- 
perty of the lap makes itself felt very often, and results in 
grooving. In the transTerae seamB the curved form of the 
plates renders this distortion by the force of the steam pressure 
alone well-nigh impossible, but is not proof against the irresist- 
ible molecular forces, whose effects are »hown in the expansion 
aud contraction of the plates, and which cause the transverse 
grooving in locomotive boilers when they are secured firmly at 
both ends to the frame ; aud in stationary boilers, where the 
bottom is cooler than the internal tubes and upper portion of 
the sheU. 

When single-butt ntrips are used for the longitudinal seams, 
they should never be applied internally, on account of the ten- 
d^ecy of the joint to open under pressure, as shown in the lai>t 
figure. When the strip is placed on the outside, the action of 
the steam pressure osaints in preventing the distortion of the 

The loss due to the unequal distribution of the tension in 
single- riveted joints with plates of ordinary thickness, ^-inch to 
Jj-iuoh, may be taken at not less than 20 per cent, of the ten- 
sile strength of the material left between holes. This would 
leave four per cant, loss of strength in the single-riveted Jap 
joints, tested by Fairbaim, due to deterioration by punching, 
and to the rivets not filling the holes so as to bear evenly on 
the plate, and take each an equal share of the strain. What the 
loss of streng'h from unequal distribution of strain may be in 
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strips of very thick plates, |-inc]i and above, can only be de- 
termined by actual test ; it will probably amount to from 50 to 
70 per cent. That the weakness of the single-riveted lap joint 
was owing to the oblique action or unequal distribution of the 
strain appears to be proved by Fairbairn's experiments, where 
single riveting and butt joint with double strips were tried. The 
strength of this was found to be about equal per square inch of 
section to that of a double-rivefced lap joint, or nearly that due 
to the unimpaired section between the holes. 

From some experiments made by Mr. Bninel with double- 
fished l9Utt joints and best Staffordshire ^ plates, having 
strips -f-inch thick, with double and triple chain and zigzag 
riveting, the following results were arrived at : — The sectional 
area of the rivets and plates should be equal : triple riveting is 
superior to double-chain riveting in proportion to the sectional 
area of plates retained ; and the strength of the plates is unim- 
paired by the punching, 20 tons per square inch being the 
breaking weight alike of the solid plate and the section left be- 
tween the holes. 

In '' Useful Information fqr Engineers," the strength of the 
joints compared with that of the entire plate is given as 
follows : — 

Strength of plate =100 

Strength of double riveting = 98 
Strength of single riveting = 76 

The loss of strength here given is due to the treatment the 
iron has received, and to the form of joint, and is quite irrespec- 
tive of the diminished section at the line of rivets. A further 
reduction must be made, corresponding to tho amount of sec- 
tion removed in making the holes. This varies considerably for 
single riveting, but 30 per cent, may be taken as an average 
allowance for double riveting. Faitbairn takes 30 per cent, also 
for single riveting, and gives, accordingly, the actual strength of 
the plate and the two descriptions of joints as 100, 68, and 46. 
Thirty per cent, is, however, too «mall an allowance for single 
riveting, and does not agree with either the common practice or 
the table for the pitch of rivets given in the volume in question. 
This latter gives for |-inch rivets and f " plates l|-inch pitch, 
corresponding to a loss of 43 per cent. ; a loss of only 30 per 
cent, would require 2i-inch pitch, which is now only very rarely 
employed for even very low pressure boilers. . Many engineers 
do not avail themselves of the advantage offered by double 
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riveting for maintaining a large section of plate, but use the 
same pitch as for single riveting, the rivets being arranged in 
the form of an equilateral tiiangle, i^hich in many oases causes 
the removal of 40 per cent, of section instead of 30. 

Taking the average loss of material in ordinary boiler single 
riveting at 40 per cent., and the total loss of strength in the 
joint as 64 per cent., as above found, we should have therefore 
14 per cent, as the amount considered sufficient for the injury 
caused by punching and the bad form of joint. This is too 
little, and should in no case be taken at less than 20 per cent., 
even when the plate suffers no injury by punching, Riveting, 
<fec. But taking the loss at 24 per cent., according to Fair- 
bairn, the figures should stand as follows : 100, 68, and 36, 
instead of 100, 68, and 46. 

These will give correctly the comparative strengths when 
the plates and riveted joints are broken in strips a few inches 
wide, as in the experiments quoted. But in a boiler very 
different conditions of resistance are found. Suppose a boiler 
shell to be made of circular belts of plate overlapping trans- 
versely, but without longitudinal joints or other source of 
weakness, it would then be in a condition to resist a much 
greater tension than the normal breaking weight of the mate- 
rial, in consequence of the support lent by the double thickness 
at the ring seams. That additional resistance is given to the 
plates by the transverse joints in a properly made cylindrical 
boiler, is evidenced by the manner in which many shells 
at work hold together when the whole section of a plate is out 
away for a 3-foot dome hole except a strip at each end, and 
barely sufficient for the dome angle-iron attachment and ring 
seams. In such a case, and others of a similar nature, the 
holding together of theplate is mainly dependent upon the strength 
imparted by the ring seams. When the longitudinal seams break 
joint effectually, the ring seams also strongly resist the bucklin;^ 
action of the plates under strain, which we have seen, at page 69, 
to be such an element of weakness in single riveting. It is obvious 
this resistance must depend greatly upon the width of plates, and 
increases as the distance between the ring seams is diminished. 
Moreover, the circumstance alone of the longitudinal seams 
breaking joint, analogous to the bond in masonry, has an im- 
portant influence in strengthening the shelL It is more thau 
probable therefore that in a boiler where the longitudinal seams 
break joint effectually and are double riveted, the strength of the 
shell is even greater than that measured by the unimpaired 
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section left between the rivet holes. The resistance of this 
section may therefore be taken as the breaking strength of the 
boiler, or as a rule, 30 per cent, less than the entire strength of 
the plate for double riveting. 

In a similar boiler single riveted, we may safely neglect the 
loss of strength due to the buckling action of the plates under 
ftteam, and regard the shell as being stronger than a detached 
narrow test strip of the jointed plates by an amount equal to 
20 per cent, of the strength of the entire plate. 

Taking the loss of material for single riveting at 44 per cent., 
the relative values will stand : 



Eotire plate . . • 


. 100 


Double-riveted joint . 


. . 70 


Single „ „ 


56 



These proportions of strength are usually employed, and were 
originally deduced by Sir W. Fairbairn from his experiments. 
But in shells where the longitudinal seams run in a continuous 
line from end to end, we cannot count upon any gain of strength 
from the trausverse joints. There ia, however, probably a 
slight gain of strength in the long string of rivets as compared 
with a narrow test specimen, and such a shell single riveted 
may be regarded as haviug 40 per cent, of the strength of the 
plate. 

Taking 21 tons per square inch as our standard strength for 
plates along the fibre, the above proportions become 14f tons, 
and llf tons per square inch respectively, as the breaking 
strength of double and single riveted boilers having the longi- 
tudinal seams breaking joint in the proper sense of the term, 
and not by the amount of a rivet or two apart as in fig. 9. The 
table of strengths of wroaght iron cylindrical boilers is calculated 
from the above figures. Th6 strength of the plates across the 
fibre should be taken at from 10 to 15 per cent, less than 
the above. When the margin of safety is required to be small 
and plates are used of an ascertained strength of 25 tons per 
square inch, the strength can readily be found by adding 20 per 
Cent, to that in the table. 

In some experiments conducted at Woolwich in 1835 on 
different kinds of joints, the following results were obtained : for 
1", y^g-", and -J" plates, the breaking strengths were respectively 
about 16, 17, and 18 tons for single riveted lap joiuts, and for 
double riveted about 24, 24 and 22 tons actual breaking 
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weiglit and not per square inch, showing that the thinnest plate 
was actaally stronger at the joint than the thicker pktes. The 

Fig. 9. 





inferior strength of ^" and -^^^ plates was probably dne to the 
more oblique action of the strain on the joint. But for want of 
detailed information, the results recorded cannot be considered 
as suitable for deducing any general rule for the strength of 
plates of different thicknesses. Many have erroneously con- 
cluded from the results of these experiments that a J-inch 
plate boiler is as strong as a boiler made of ^-inch plates. In 
the first place, there would be found a great difference in the 
strength of a ^''-plate as a test strip and as built up in a boiler, 
for reasons already stated, the workmanship being equal in both 
cases. This difference would not be so great with a ^"-plate. lu 
the secoud place, the plate is by no means most likely to fail 
first through the line of rivet holes when in use. Comparing 
I" plates with ^" plates, and assuming the boiler to be unfit for 
working at the original pressure lyhen reduced to i" thick, the 
latter plates will last twice as long as the former. 

In seeking to determine the correct diameter and pitch of 
rivets, and also the proper amount of lap for different thick- 
nesses of plate, there are several conflicting circumstances to 
consider. In the first place, having due regard for the economy 
of material it is important in fixing upon the diameter and pitch 
of rivets for a given thickness of plate, that the plates and 
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rivets flhould be of equal strength, for in making the rivets to fail 
before the plates, we should be wasting the excess of material 
to which is due the additional strength of the plate or be 
making the joint too weak. On the other hand, to make the 
rivets the stronger, would be to make the joint too weak by 
reducing the strength of the plate too much, or to waste the 
material in making the rivets too strong. 

In the second place, the joint must be tight as well as corw 
rectly proportioned for strength. It will be seen that the 
attainment of the greatest strength with the least material is 
restricted by the necessity for tightness, and also by other 
minor but important circumstances. 

First of all it must be ascertained in which manner the weak- 
ness of the joint may be declared. Here we fiud that the joint 
may fail in four or five different ways, namely : 

Ist. By the plate in front of the rivet crushing (fig. 10). 

2nd. By the rivet shearing.) 

3rd. By the plate tearing between the rivet holes. 



Fig. 10. 



Fig. 11. 





4 th. By the plate outside the hole breaking through (fig. 11). 

5th. By the plate being forced out in front of the rivet 
(fig. 12). 

1st. The resistance of the plate round the semi-circumference 

of the rivet can be proved to be measured by the diameter 

of the rivet x the thickness of plate x crushing strength of 

plate. From the results of some experiment on the crushing 

strength of the bearing surface of iron links against the pins, 

undertaken by Sir C. Fox, it may be concluded that the 

B 2 
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resistance of the plate against a rivet is equal to 40 tons 
X>er square inch, whence we have : 

resistance of plate to crushing =z d x i X 40. (1.) 

d = diameter of rivet, t = thickness of plate. 

2nd. The ultimate strength of the rivet to resist shearing 
has already heen discussed, and may be taken at 21 tons per 
square inch, therefore 

resistance to single shearing = '7854 X d^ X 21. (2.) 

Comparing I^os. 1 and 2, when the resistance of the rivet aud 
plate are equal, we have 

rf X < X 40 = -7854 X d« X 21 
d = 2-4 «, 



Fig. 12. 







whence the diameter of the rivet should 
be nearly 2^ times the thickness of 
the plate. The common rule of mak- 
ing the diameter of the rivet double 
the thickness of plate up to ^ thick 
is approximately correct, and allows 
a margin of strength for injury done 
to the plate in punching and drifting. 

3rd. The strength of the plate 
between the rivet holes in boiler work, 
it has already been shown nciay be 
taken at 21 tons per square inch, 
whence 



resistance of plate to tearing = < (f) — d) 21. (3.) 
where p = pitch of rivets ; 

comparing this with No. 2, we get for the equality of strength 
in rivets and plates between holes, 

•7854 cP X 21 = t (p — d) 21. 

from which equation we can find the pitch, when the diameter 
of rivets and thickness of plate are given. Substituting a = area 
of rivet for *7 854 d^ we have for a single riveted lap joint 'and 
single fished butt joint. 
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p = l. +d. (4.) 

For lap joints and single fished joints with doable riveting, 
we have the sectional area of two rivets instead of one, as in 
the last case, 

hence, 2 a = t (p — d) 

and p = — + d, (5.) 

t JL 

In a butt joint double fished and single riveted, where the 
rivets require to be sheared in two places before yielding we get 

2 a = i{p — d), or the same as in the last case, 

andp = — + d. (5.) 

^ t ' 

In a double fished butt joint with double riveting the equa- 
tion becomes 

4 a = t (p — cQ 
l,=t? + d, (6.) 

In the above formulas, d should rather be taken as the 
mean size of the hole than as the size of rivet, or as a rule 
^^ inch larger than the rivets up to i inch diameter. 
. When the diameter of rivet is double the thickness of 
plate, the pitch becomes equal to 2*57 d^ 4*14 d, and 7*28 d 
respectively for formulae (4), (5), and (6). 

In thick plates having rivets less in diameter than twice the 
thickness of plate, the pitch will be less in proportion. Taking 
r as the ratio of diameter to thickness, the above quantities 

must be multiplied by _ for the pitch. 

4. We may regard the distance between the hole and edge 
of the plate as the depth hy of a girder fixed at both ends, and 
uniformly loaded, the span being measured by the diameter of 
rivet, hence 

t %h^ r. 
the strength to resist fracture = , — x 0, 
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C is a coefficient, the value of which has not yet been 
determined. Since the nature of both the strain and the re^ 
sistanoe differs greatly from that of ordinary girderR, it is evi- 
dent that we cannot consider the ordinary coefficient as even 
approximate. But as the coefficient is not likely to be less 
than the above, we may use it for the purpose of illustration 
We then have, 

transverse strength of plate = 48 . 

Comparing this with No. 2, we have, 

t X h^ 
•7854 X d* X 21 = —J— X 48, 

when d = 2t me get h = d x *81. 

Assuming this to be approximately correct, it follows that the 
ordinary practice of making the distance between the hole and 
edge of plate equal to diameter of rivet gives sufficient strength 
to prevent the plate from breaking by a transverse strain. The 
greater the ratio of diameter to thickness, the less will be the 
proportion of lap required for adequate strcDgth* 

'6. The resistance of the plate to being forced out in front of 
the rivet will be equal to the shearing strength of the plate 
multiplied by the area sheared, and may be expressed by 

(3dv 
~) X t X 21, 

when the distance between the hole and edge of plate = d. 

On comparison, the resistance of the joint to yield in this 
manner will be found much greater than the resistance to any of 
the other modes of fracture we have considered, consequently 
such a fracture as shown in fig. 12, is seldom, if ever, met with. 

The fractures most frequently found in boiler work are those 
from the hole to edge of plate. They are in most cases the 
result of careless workmanship and brittleness of plates, except 
when they occar in the seams over the fire, when they are 
mainly produced by the contraction strain acting at right 
angles, and by the girder strain thrown on the plate between 
the hole and edge by the permanent contraction due to the 
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alternate heating and cooling. A large lap is more liable to 
fracture in this manner than a small one, and a thick plate 
than a thin one, in positions where sudden variations of tempe- 
rature occur. In a line of riveted work a few holes may 
become fractured, or a few rivets crushed, by having to bear an 
undue amount of the strain, which is unequally distributed 
along the whole line of rivets in consequence of careless work- 
manship. 

When the plate once 3rields by fracturing or crushing, it is 
evident that the strain will no longer be at all equally distri* 
buted along the length of plate between rivet holes, but 
becomes concentrated upon the fibres of the plate at each side 
of the rivet. The plate may then be torn in two by a force 
much below its breaking weight with the strain equally dis- 
tributed. 

The principles embodied in the above rules, ba$ied on deduc- 
tions correctly made from experiments, must be accepted with 
some caution. In m<$st of the experiments the plates were 
thin, of very good iron, and probably had not suffered much by 
rough treatment, which is, however, not the fate of the majority 
of boiler plates. Many a new boiler is set to work with the 
rivet holes fractured to edge of plate, or from hole to hole, by 
punching and drifting. Moreover, it is the practice to use a 
better quality of iron for the rivet than for the plate in the 
great majority of boilers. This lessens the chance of injury by 
hammering and heating, besides giving a greater tensile and 
shearing strength. 

It may be taken as a rule that, in any but the best class of 
boiler work, the rivet is stronger than the plate section for 
section in new boilers. In old boilers the plates at the joints 
are generally found to be much more brittle than the rivets, 
and the rivets,^ except at the heads, will escape corrosion where 
the plate may suffer severely. These considerations indicate 
that a larger pitch than the one assigned by the rule given 
should be used. It must also not be forgotten that the hole is 
larger than the enclosed rivet, the diameter of which is usually 
taken in estimating the pitch. It may here be also remarked 
that in increasing the diameter of rivet, the pitch must be 
increased in a greater proportion, in order to keep the section 
of rivet and plate equal, for the shearing strength of a rivet 
varies as its sectional area, and therefore as the square of the 
diameter, whilst the section of the plate removed varies simply 
as the diameter. It follows from this that, the larger we make 
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the rivets, the better are we able to retain the gross sectional 
area of our plates. 

The advantage to be gained by increasing the diameter of 
rivet is limited by the expediency of not exceeding the crushing 
strength of the plate in front of the rivet, which varies simply 
an the diameter of the rivet. It has already been shown that 
the plate will fail by cnishing before the rivet shears when the 
diameter is 2^ times the thickness of plate. It may also be 
observed, that by increasing the pitch we rapidly diminish the 
breaking strength of the plate between holes, as the increased 
width allows the plate to stretch more, and concentrates the 
strain on the fibres at each side of the hole. This fact applies 
most strongly to the case of double-fished butt joints, where the 
large pitch is necessary to bring the strength of the plate up to 
that of the rivets which are in double shear. It also probably 
accounts for the diminished strength found in experiments with 
riveted joints, where large rivets have been used with a very 
large pitch to ascertain the crushing strength of the plates. 
Sach tests cannot be taken as a guide for the strength of joints 
in ordinary boiler work. 

There are, however, other considerations besides the economy 
of material that should govern the proper pitch of rivets. A 
tight joint is of the first importance, for should leakage occur 
corrosion may soon alter any carefully calculated proportions of 
the respective sections in the joint. Indeed, it may be affirmed 
that in the majority of cases the safety of a boiler depends, in 
the long run, more upon the tightness than the actual strength 
of the joints, since a large factor of safety is usually allowed. 

No one set of rules can be laid down for the pitch of rivets 
which shall be the best under all circumstances of pressure, 
quality of material, liability to corrosion, &c The following 
table gives a result which agrees pretty closely with the average 
practice for single riveting in high pressure boilers (up to 
160 lbs) if we take the proportions of diameter of rivet and 
thickness of plate that are given. The diameter of rivet is taken 
as the average diameter of the hole, and not the nett size of the 
rivet shank. 
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Single-riveted lap joints. 



Thickness 


Diameter 
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In the above table it will be seen that with thin plates the 
diameter of rivet is double the thickness of plate, and this ratio 
diminishes as the plates increase in thickness until with 1-inch 
plates the diameter and thickness are nearly equal. One reason 
for this is that the difficulty of making a good joint increases 
with the diameter of rivet where the point is not closed by an 
efficient machine. "With 1-inch and l|-inch rivets heavy 
hammers are required to upset the iron and close the hole 
properly. This at once increased the difficulty of " holding up" 
and of making a good job. . The difficulty of setting by drawing 
or hammering the plates quite close together to make a tight 
joint also increases rapidly in plates over finch thick, and 
altogether the quality of the work is not so reliable when very 
thick plates are used. Another reason for diminishing the ratio 
which the diameter of rivet bears to the thickness of plate is that 
with a constant ratio we soon reach too large a pitch to admit of 
keeping a tight joint, if we wish to retain anything like equality 
between section of plate and rivet. 

With 1-inch plates, in order to retain 60 per cent, of the 
section of the plate whilst making the plates and rivets at the 
joint equal in strength we should require 2-inch rivets at 
6i inches pitch. 

Such a rivet is considered too large for closing up properly, 

unless with the aid of a very powerful machine, and 6 J centres 

are too wide to keep tight at even moderate pressures with 

ordinary workmanship. Kivets of more than 1^ inch diameter 

are seldom if ever employed in boiler work. 

I 3 
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The third column in the table gives the pitch required for 
equal section of rivets and plate between boles. The fourth 
column gives the pitch required in order to retain 60 per cent. 
of plate at the joint. On comparing these two columns it will 
be seen that in plates from i inch to ^^ iuch thick there is no 
great difference between the two pitches. With the thicker 
plates the difference is important The pitch for 1-inch plates 
in column 3 only retains 53 per cent, of the plate section, but if 
we employed column 4 the wide pitch would leave the rivets 
with only 36 per cent, of the strength of the entire plate, or 
about 60 per cent, of the plate between holes. Column 3 would 
therefore give a stronger joint than the other. 

The average size of the punched hole in the plate being 
usually somewhat larger than the size assigned to it, and the risk 
of injury from punching being greater in thick than in thin 
plates, and also to allow for corrosion or waste at the lap, 
column 5 is given to work to, giving the section of the plate 
slightly in excess of that in column 3, and retaining about 60 
per cent, of the section in plates from i iuch to ^^ inch thick ; 
55 per cent, for plates from | inch to ^ iuch ; and 58 percent, 
for -|^|-inch aud 1-inch plates. / 

Where the workmanship is not reliable it will be advisable to 
reduce the pitch slightly, or to increase the diameter of rivet iu 
plates under f inch thick. 

The lap for single riveting should be equal to 3 times the 
diameter of rivet, and never more than 3*3 times the diameter. 

Double-fioeted Idp joints and hutt'jomts with single strips. 
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The pitch given is along one line of riveta. The strips should 
be slightly thicker than the plate, -^g inch for moderately thick 
platesy and ^ inch for very thick plates. Column 4 gives the 
pitch, along one line of rivets, required to retain 70 per cent, of 
plate between holes. With 1-inch plates this would make the 
strength of the rivets only about 53 per cent, of that of the 
pierced plate. In order to obtain equal strength in plate and 
rivet at the joint we should reqaire for 1-inch plates 1^-inch 
rivets at 5i inch pitch. The difficulty is therefore obvious of 
obtaining a well-proportioned joint when using thick plates, 
with either single or double-riveted lap joints, at the same time 
retaining a good section of plate, and ensuring tightness. In 
using thick plates the best course to follow in arranging the 
joint is to fix upon the widest pitch consistent with tightness*, 
employing the largest rivets admissible, and then determine the 
strength ^of the shell from the section of rivets or plate left 
between holes, whichever may be the weaker. In plates up to 
y*^ thick it is evident that 70 per cent, of section can be main- 
tained with a well-proportioiied joi it and moderate pitch. For 
plates under ^ inch there is an excess of strength in the rivets 
when using the pitch given. The diameter of rivets might 
therefore with advantage be slightly reduced, to make a tighter 
joint, for high pressures. When the boiler is double riveted 
throughout, ^inch rivets for f-inch and y^^-inch plates, with 
2i inch pitch, might be used. It is, however, inexpedient to 
have different sized holes for single and double riveting in the 
same plate or boiler ; and as it frequently happens that the 
longitudinal seams of a boiler are double riveted, whilst the 
trausverse seams are only single riveted, the same sized rivets 
have been used in making the above tables. 

The greatest difficulty in making a well-proportioned joint 
with the same sized rivets occurs when butt joints with double 
•trips and lap joints come together in the same plate. In such 
a case we must either sacrifice the advantage of having the same 
sized hole throughout the plate, or have a badly proportioned 
joint in one seam or the other. On this account, when double- 
fished butt joints are used in the same plate with lap joints, 
the former may be made single and the latter double riveted ; 
in which case the same pitch and diameter of rivet might be 
judiciously employed, wore it not for the difficulty of keep- 
ing a tight joint in the butt arrangement, which necessitates 
the redaction of the pitch, unless the workmanship is very 
good. 
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The double-riveted lap should be equal to 5 times the 
diameter of rivet, each line of rivets being ^d from the edge of 
plate. 

DovhU'iriveted hntt joints vrith double strips. 



Thickness 
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In double-riveted butt joints with double covering strips, it 
will be seen from the annexed tkble, on comparing columns 
4, 5, and 6, that we cannot avail ourselves of the full strength of 
the double rivetiug when the rivets are in double shear, and 
must be content with 75 and 70 per cent, of section of the 
entire plate with thin and thick plates respectively. Smaller 
rivets than |" should not be employed, unless they are made 
^ith much larger heads than is the custom, in order to with- 
stand the effects of corrosion. On account of the difficulty of 
obtaining sufficiently strong punches smaller rivets than those 
given for the thick plates cannot be recommended. Where 
the holes are drilled this objection does not apply, and a 
different table may be arranged, commencing with ^" plates 
as they stand and ending with I" plates having ^" rivets at 
3i" pitch. 

Besides the loss of strength due to the unequal distribution 
of the strain through the whole thickness of the plates. in a lap 
joint, very thick plates are also liable to be much reduced m 
strength through the body of the plate by injury done in the 
excessive amount of setting they require where the transverse 
and longitudinal seams cross each other. For this reason alone 
butt joints should always be used at least for the longitudinal 
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Beams with plates over f " tliick. The width of the strip for 
double riveting should be at least 9 times the diameter of rivet, 
and may, with thick plates, be made equal to 10 times the 
diameter, the distance from the centre of the holes to edge of 
plates and strips in all cases being equal to diameter of rivet 
multiplied by 1^. 



CHAPTER V. 

WELDING. 

The DumerouH purpoiKes to which wrought iron is applied 
could not be effected without its valuable property of welding. 
It is of the utmost importance that the effect of this prooe.-s 
on the stieugth of the material should be properly undeirstood, 
since theie are more structures depending on the soundness of 
the weld than on the strength of the rolled or forged bar or 
plate. 

Mr. Kirkaldy made some experiments on the breaking 
strength of welded bars. The results varied greatly, showing 
a loss of from 2*6 to 43*8 per cent., the mean loss being 20 '8 
l)er cent., compared with the solid bar, the fracture taking 
place in most instances partly through the solid bar and partly 
through the weld. The loss of strength in four " Farnley '* 
1-inch square bars varied from 6 tons to 9^ tons, the original 
strength averaging 28 tons per square inch. With 1 4 *' Glasgow- 
Best Best *' bars^ varying from 1^ inch to f inch square, the 
lo<<s of strength varied from i tons to 11 tonp| per squat e 
inch, the average loss being 8 tons. The oiiginal strength was, 
on an average, about 25^ tons per square inch. 

Mr. Kirkaldy found that in heating a bar of Glafgow B. 
Best iron to the welding point, and then allowing it to cool 
slowly, that the breaking strain was nearly the same as that 
borne by another piece off the same bar in the ordinary con- 
dition ; but the ductility of the iron was injured by the high 
temperature and want of hammering. 

Several experiments to determine the strength of welded 
plates have been made, and have given satisfactory results. Of 
these may be mentioned the trials at Woolwich on the strength 
of plates welded by the Bertram process, recorded by Mr. D. 
K. Clark. 

The joints were of two descriptions, namely, the scarf weld 
and the lap weld. The tensile strength was found to be 
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20 tons per square inch for the Rolid plates, ^, -^^^ and f inch 
thick. Taking the strength of the entire plate at LOO, that of 
the scarf weld for the -^^ and -| plates was respectively 106 
and 102. The |-inch weld proved faulty. The results from 
the lap weld, as might be expected from the unequal distri- 
bution of the strain at the joint, were not satisfactory, being 
respectively 50, 69 and 66. This makes the absolute strength 
of the two lap welded joints alike for ^- and f-inch plates, the 
^-inch plate having x>nly ^ of the strength of the entire 
plate, whilst the J plate has } the strength, which may be 
accounted for by the more unequal distribution of the strain 
with the thicker plate. The meagre information respecting 
the fractures, and the fewness of the tests with each variety of 
weld and thickness of plate detracts very much from the value 
of these experiments as a standard for general use. 

Mr. Kirtley, in a paper read before ''The Institute of Me- 
chanical Engineers," records the results of some experiments on 
the tensile strength of strips of plate cut across the weld, 
which were taken from several boilers made with welded 
longitudinal seams. The strips were in three sets, 7^ inches 
long, the weld being in the middle of each^iece. The follow- 
ing table gives the results of the tests ; the plates were 
^g inch thick : — 

Strength of welded plates. 



Width 

of 
strip. 


No. of 
strips 
tested. 


Broke 

in 
weld. 


Broke 

in 
solid. 


Breakin 
pel 
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r square inc 
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Total 


23 


11 


12 


1(5-5 
207 


23-8 


20-6 


Also 11 strips of the same 
uu welded. 


plates 


26-8 


23-6 



It appears from these results that half of the t«st pieces 
broke in the solid, and not at the weld. 

The average loss of strength of the 23 welded plates was 
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only 12*7 per cent., compared with the strength of the 11 
un welded plates, the worst pieces showing as defective a weld 
as would occur in practice had 70 per cent, of the average 
strength of the un welded plates. 

The weld is best made when the edges of the plates are 
upset, at a red heat, by hammering or pressure, to nearly 
double their thickness, and bevelled to an angle of about 45°. 
The edges can then be heated Bimultaueou^ly, and the weld 
made by hammering down the joint to- the original thickness 
of the plate. 



CHAPTER VI. 

CONSTRUCTION OF BOILERS. 

Since the plates are stronger lengthways than crossways, 
they are generally arranged in a cylindrical boiler shell, with 
the fibre running circumferentially, in which direction they are 
best disposed to resist the greatest strain due to the internal 
pressure. But owing to the greatest strain in externally fired 
boilers being along the bottom in a longitudinal direction from 
the sudden contraction caused by a rush of cold air, or by the 
delivery of cold feed water on to the bottom plates, some engineers 
prefer to arrange the plates with the fibre running lengthways 
along the boiler. By this arrangement the bottom plates are 
also more easily replaced, a circumstance of some importance 
with hard-worked externally-fired boilers, in which the furnace 
plates require frequent renewal. In order to avoid the creat 
inconvenience and sometimes danger from the constant frac- 
turing of rivet holes, especially in the transverse seams over 
the fire, it is best to make the furnace plates of externally fired 
boilers sufficiently long to keep the first ring seam away from 
the influence of the entering cold air, and at the same time to 
set the boiler so that the end seams do not become intensely 
heated. This arrangement necessitates the use of a very large 
furnace plate, since the width must be sufficient to keep the 
longitudinal seams also out of reach of the fire and entering 
cold air, which have a much less effect on the single than on the 
double thickness of plate that occurs at the lap joints. 

In short boilers, such as many of the useful little vertical 
class, the plates are most easily arranged in one length, with 
their fibre in the direction of the height of the boiler, thus 
saving the work in one ring seam. In all such cases where the 
plates are arranged lengthways along the cylinder, it is advisable 
to allow a greater margin of safety than when the plates are 
arranged lengthways round the cylinder. 
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Wherever a ring seam occurs the longitudiDal seams should 
be made to break joint, for the sake of obaining the increased 
strength due to this arrangement. This necessitates the thinning 
away of the in»side plate comers where the overlap occurs. In 
order to avoid the labour that this involves, which is considerable 
when thick plates are used, the plates are very often arranged 
to break joint by one or two rivets only, as shown in fig. 9, 
page 74. This arrangement is but little stronger than having 
the seams in one line, from end to end, and should never be used. 
It however saves the hammering ,that thick plates with lap 
joints have to undergo to make them fit at the ring seams, 
where the longitudinal seams break joint, which must in many 
cases damage the iron considerably, and to avoid this, as well aa 
the unequal distribution of strain involved by the use of the 
lap, the longitudinal joints at least should be made with double 
butt strips, in using thick plates. 

The courses or belts of plates that make up the length are 
usually arranged conically in stationary boilers, with the out- 
side lap facing backwards. When the boiler is set slightly in- 
clined towards the front end, this arrangement of the plates 
facilitates the draining of the water and sweeping out at the 
boiler bottom towards the front, where the dirt is usually 
removed. This advantage is greatest in internally fired 
boilers, which are difficult to clean. In externally fired boilers 
this arrangement of the ring seams saves the edges of the 
plate from the direct impingement of the flame, which takes 
place when the outside laps face the front. It is, however, 
more liable to interfere with the free contraction of the shell 
on the brickwork, which acts from front to back, and which is 
of more importance than freedom of expansion, the former 
being more sudden than the latter. 

In long vertical boilers it is customary to arrange the ring 
seams with the inside lap facing downwards, so as not to leave 
a projection for the incrustation to lodge upon. With the 
same object in view, some engineers also insist upon the longitu- 
dinal seams at the sides of locomotive boiler shells being 
arranged with the edges of the top plates inside, as they con- 
sider the liability to groove is increased when the edge of the 
inside plates face upwards, to form a ledge for the incrustation 
to accumulate upon. 

In locomotive boilers the belts of plating are nearly always 
arranged parallel, and of late it has become the practice with 
many makers to arrange them telescopically with the largobt 
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diameter at the firebox end, to which the sludge is drained 
for removal at the mudholes. This arrangement also allows 
room for a slightly wider firebox ; it also fatcilitates the arranging 
of the tubes, and, in many cases, tends to prolong the life of 
the firebox. 

Of late years it has become the practice with the best makers 
to use larger plates in the shell than formerly. In stationary 
boilers the size is usually limited by the weight the manufac- 
turers supply the plates at, without extra charge, which, as a 
rule, is 4 cwt. for plates of good Staffordshire quality. The 
greatest width, without extra charge, is usually about 4 feet, 
and the length is arranged to keep the weight of the plate 
within 4 cwt. ; but many engineers wisely prefer to incur the 
extra cost of using larger plates, and so reduce the number 
of ^eams and consequent risk of leaky joints and rivets as 
well as of grooving. Locomotive boiler barrels are frequently 
made with plates long enough to necessitate only one longitu- 
dinal seam in each belt of plates, which should be placed above 
the water level, where it is not liable to groove. In some 
cases the longitudinal seams are welded, and the ring seams 
made with outside covering strips. In order to still further 
increaRe the strength of the boiler where there are no external 
flues, strong wrought-iron rings are shrunk on at mid-length of 
each belting. To compensate for the strength lost by cutting 
out the rivet holes, plates with thickened edges are sometimes 
used for locomotive boiler barrels. As the thick edges are in 
the direction of the length of the plate, they can, unfortunately, 
only be used for the ring seams where the additional strength 
is least required in well-designed locomotive boilers. 

The strength of the cylinder and sphere has already been 
examined, and the resistance of flat and cambered surfaces 
partially discussed. In boilers of even moderate diameter, and 
under ordinary pressures, the flat ends of ordinary thickness 
are so weak, if uustayed, that the bulging out would be ex- 
cessive, and would consequently tend to act with a considerable 
leverage, and wrench off the rivet heads securing the plate to 
the barrel, if attache! in the ordinary manner by angle irons. 
The alternate bulging and straightening of the plate produced 
by the varying presMure in the boiler would also tend to pro- 
duce fracture through the line of rivet holes, or work open the 
fibres of the iron along the line where this action is most felt, 
and which is generally along the inside edge of the angle iron, 
or at the angle iron root, producing leakage, grooving, and, 
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ultimately, fracture, which are treated of in the chapter on 
"Wear and Tear." 

it may be here remarked that the mode in which a flat, 
dished or cambered end plate is secured to the barrel materially 
aflfects its capability of resisting the effect of the iotemal stress 
upon it. The modes adopted are by angle iron, either internal 
or external, or by flanging either the barrel or end plate. 

Where stiffness is not required near the circumference of 
the barrel, as, for instauce, where it is desirable to leave room, 
for the plate to spring, in the case of internally flred boilers, 
the angle iron should be applied outwardly, or the barrel 
flanged outwardly, to receive the end plate. 

As a rule, the -flanged arrangements are less liable to grooving 
than when angle irons are used, and form the best mode of 
attachment, provided the plates are not too much reduced in 
thickness when the flanging is outward. In Cornish and Lan- 
cashire boilers, it is the custom to attach the front end plate with 
outside angle irons, and the back end with inside angle irons. 
The crowns of vertical boiler shellsare usually attached by flanging 
or by inside angle irons. Where, however, in long boilers the in- 
ternal flue tubes are not more than 5'' or 6" from the side of the 
barrel, outside angle irons should be used to allow the end-plate 
to spring. 

In small vertical boilers suj£cient strength can be given to 
the end-plate by dishing it, which removes the necessity of 
staying it further than with the flue tube. In cases where 
there is a cluster of small tubes, the crown is best made flat 
for facility of tightening the tube ends, and in most cases 
sufficient strength can be given to this plate by increasing its 
thickness within moderate limits. 

With a view to strengthen the furnace crowns of small vertical 
boilers, they are usually made with considerable camber. In 
many cases, however, this camber renders the plate too stiff and 
unable to spring without producing grooving ; a certain amount 
of play should be allowed, in order to accommodate the ex- 
pansion and contraction of the flue tube or tubes. 

Various methods have been devised for securing the internal 
furnaces of vertical boilers to the shelL The first that suggests 
itself is the old-fashioned solid ring, made out of a rectangular bar 
of iron. The depth of this ring should never be less than its 
width, as the pressure on the crown has a tendency to upset it. 
When the ring is shallow, the upsetting action frequently produces 
grooving in the shell plate, round the top of the ring. When 
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these riogs are more than 3" wide, and of equal depth, they 
bhould be double riveted, to prevent Uak»ge and grooving, if 
they have to carry a great load. There are more than half-a- 
dozen other methods, but which do not call for remark. 

We shall now consider the various means used to strengthen 
flat and cambered surfaces, such as screwed and riveted bolts, 
stiffening ribs, girder stays, gussets, &c 

The difference in btrength between screwed and unscrewed 
bolts, according to Mr. Kirkaldy, is influenced by the manner 
in which the dies act upon the iron. Old' dies have a harden- 
ing effect, which raises the breaking strength at the expense of 
the stretching, when compared with new aies or chasing tools, 
which cut cleaner. The average tensile strength of a screwed 
bar, 1" and above in diameter, may be taken at 20 tons per 
square inch of the. unscrewed section. It has been frequently 
assumed that bolts of small diameter — |-" or ^'\ are superior 
iu strength, section for section, to those of 1-^" and above ; 
but recent experiments do not bear out this assumption — at 
least, not to the extent asserted, some 50 per cent. 

In order to preserve the original strength of a tie bar, as 
well as to facilitate the operation of screwing it into the plates, 
it is customary to increase the diameter of the screwed por- 
tions. This also acts advantageously in allowing the bar to 
stretch when ^trained severely. A bar of ordinary quality 
and of uniform section throughout is found, under tension^ to 
stretch considerably before breaking. The degree and regu- 
larity of the stretching depends principally upon the quality 
of the material. If, however, the section of the bar be 
diminished in one or more places, the effect of the strain and 
consequently the stretching is confined to these weaker por- 
tions, BO that a bar with a narrow groove, like the thread of a 
sciew, cut in it, scarcely stretches at all before breaking. It 
is for this reason that screwed tie rods, without swelled ends, are 
sometimes found to snap suddenly under severe strain, usually at 
the end of the screwed portion to which the stretching is 
confined. When the ends are thickened for screwing, so that 
the diameter at the bottom of the thread exceeds that of the 
rest of the bar, the stretching is no longer confined to one part^ 
and the bar is better able to bear a sudden strain. 

The practice of turning the thread off the middle portion 
of locomotive firebox stays, or of swelling the diameter of 
the screwed ends, is sometimes adopted to render the stays 
more flexible, and consequently better able to bear without 
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injury the awkward transyerse strains thrown upon them by 
the greater expansion of the inside firebox compared with 
that of the ontRi^ie shell, which, in oourHC of time, renders 
the iron stays in the upper parts of the box exceedingly 
brittle and liable to snap. Another advantage claimed for 
this plan of turning off the thread is that the even surface 
of an iron stay withstands the corrosive action of the water 
better than when it is screwed. For durability the stays of 
locomotive fireboxes are better made of copper, especially 
those that are in contact with the nuLss of incandescent fuel. 
With firebox plates not more than y^" thick, the thinnest part 
of the stay, or the diameter at the bottom of the thread, 
should not be less than ^" when copper stays are used, or 
e'se they are liable to bend in hammering down the ends. 
This applies to stays even as short as 3'' between plates. 
With stiffer stays of iron the smallest diameter may be ^'\ 
On the other hand it is not advisable to make these iron stays 
larger than li^" outside diameter, with ^^ plates, as the extra 
amount of hammering involved in knocking down the ends of 
thicker bolts, with ordinary care, is liable to spoil the threads. 

In using water containing certain salts, the use of copper 
stays is sometimes accompanied by a rapid corrosion, which 
appears like countersinking of the inside of the iron plate round 
the bolts. This is usually ascribed to galvanic action. The heads 
of copper stay bolts should, in consequence, be made larger than is 
the usual practice, as, too often, little or no thread is left to 
depend upon. 

For plates less than f- inch thick, the number of threads on 
the bolts' stay should not exceed 11 or 12 to the inch, in order 
to get a good hold when screwed into the plate. When the 
stay is not screwed into the plate it is usual to secure the enda 
with nuts and washers, which should be applied to both sides 
of the plate, to insure tightness or freedom from leakage. 
The thickness of the nut is usually made equal to the diameter 
of the screw. This allows a margin of strength to compensate 
for badly formed and loose threads. It has been found that 
where the thickness of the nut and diameter of the screw are 
as j- to 1, threads of ordinary pitch, if well made, and a good 
fit, will not strip before the bolt breaks. 

Besides being screwed into the plate and having the end 
riveted over, or passed through the plate and secured by nuts 
and washers, longitudinal and other stay bars, which may be 
either square or round, can be secured to flat plates by means 
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of pins, bolts, or cotters passiiig through sQgle irons or T iron9, 
which impart stiffuesff to the plate tbey are riveted to. The 
practice of securing them by cotters and saddle plates is not so 
common as it was a few years ago. When pins or bolts are 
used they should always be arranged for double shear, either 
by forming double eyes upon the ends of the skay which 
clip the X iron, or by forming a single eye on the stay and 
placing it between two angle irons through which the pin 
passes. 

In proportioning the sizes of the stay bar and its bolt so that 
they may be of equal ultimate breaking strength, the diameter 
of the bolts will usually be too small to afford sufficient bearing 
surface in the angle or T iron, which, except in locomotive 
boilers, seldom exceed |" in thickness, and soon fail by crippling 
or bulging. In order to increane the bearing surface on the 
angle iron and at the same time to impart additional stiffiiess 
to the structure, ^ or ^'' plates about 6" wide are frequently 
riveted to these end angle irons in stationary boilers. InHtead of 
Ufting a very large sinirle bolt to ensure sufficient bearing sur- 
face, it is better to forge a good deep T end upon the stay bar, 
which can be secured to the angle irons between which it is 
placed by three or four bolts of moderate diameter. 

A defect often met with in staying the ends of boilers is the 
omission of cotters through the pins when double eyes and 
single T irons are used. This omission allows the double eye 
to open oiit under strain, when it acts upon its pin with con- 
siderable leverage and bends it. These pins are sometimes 
found bent to an angle of 90° and totally inoperative. When 
the stay is secured by cotters and saddle irons care should be 
taken to make the cotter of sufficient depth, since it is usually 
by its bending that this system fails. The hole through the 
saddle plate should not be cut larger than is absolutely neces- 
sary to let the stay pass, which is usually square. 

When the flat surface is of small area and the pressure is not 
great, stays or tie bolts are sometimes dispensed with, and stiff- 
ness is imparted by simply riveting angle or T irons to the flat 
plates. These are disposed radially or in which ever manner 
they can best be applied to take the strain, according to circum- 
stances. This mode of strengthening the ends of cylindrical 
boilers is very inefficient, and is unfortunately but too often 
employed. Numerous cases have occurred where it has been 
the source of much annoyance and loss. It is used chiefly by 
makers to save expense, or by those who have experienced 
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trouble from grooving and other evils caused by an injudicious 
application of gussets or other stays. 

It is sometimes argued that if the ends be prevented from 
bulging by stiffening ribs, any further staying to the shell or 
from end to end is superfluous, as the rivets securing the end 
to the «hell are sufficient of themselves to prevent the end from 
being torn off. This argument can, however, only apply to a new 
boiler, for it is found that the ever-varying strains to which the 
flat surfaces of boilers are subjected, often in the course of time 
seriously affect the strength of these stiffening ribs however well 
they may have answered at first. Cases have occurred where 
T iron ribs on the ends of internally fired boilers have become 
crippled with the working pressure after a few years' use, and 
yet showed no permanent set when the boiler was tested by 
water at double the pressure when new. In the cases referred 
to, the T irons were not injured by corrosion, which would have 
caused them to fail much sooner. The loss of strength can only be 
ascribed to the injurious effect of the continually varying strain. 
The circumstance appears to be sometimes overlooked that 
the pressure against a flat end plate merely stiffened and not 
stayed, exerts an awkward strain on the rivets and heads at- 
taching it to the shell angle iron, and a trying transverse strain 
on the plate at the line of attachment, in consequence of which 
plates strengthened in this manuer often fail from tearing 
through the line of rivet holes. 

It is only in cases where the diameter of the boiler is very 
small, or the pressure very low, that stiffening ribs are to be 
recommended. In some instances they can be advantageously 
applied as auxiliaries to longitudinal and gusset staying. 

In boilers of considerable length, say 20 feet and upwards, 
it is necessary to support or suspend the longitudinal stays, and 
unless they are secured by nuts at one end at least, they should 
be divided at mid length and provided with a double socket and 
two cotters to draw them taut. It is of the first importance 
that the arrangement of longitudinal staying should not inter- 
fete with the efficient cleaning or examination of the inside of 
the boiler. But in too many cases the stays are made so small 
in section and consequently many in number as to render it 
quite impossible to reach all parts of the boiler. For facility 
of cleaning and examination as well as for efficient staying, gus- 
gets should be used in preference to any other method for 
strengtheninpr the flat end^, unless the boiler is of such small 
length compared with the diameter as to render the application 
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of efficient gussets as great an impediment to cleaning as longi- ' 
tudinal staying. 

In all cases where single gusset plates are used they should 
be secured to the shell and ends by double angle irons with the 
rivets in double shear, and not by single irons or T irons with 
the rivets loosely inserted and acting with scarcely any effect. 
Double gusset plates and T irons are not to be recommended 
owing to their greater expense, when single plates and double* 
angle irons can be made to do as well. Some makers set and 
fix their gussets to the shell before the end plate is attached. 
This enables the gusset to be made of one plate. When, how- 
ever, the gussets are applied subsequently to the fixing of the 
end plates, they require to be made in pieces sufficiently narrow 
to admit of their introduction through the manhole. The 
former of these methods requires greater skill to make a good 
job, but forms a better stay than the latter. When the stay 
consists of a single gusset plate, and where its length and 
strength of attachment on the shell side is sufficient to resist 
the tendency of the strain to move it in a longitudinal direction 
or to turn it on a point near the comer formed by the end 
plate and shell, it will fail by crippling at the rivet holes, or by 
shearing the rivets securing the plate to the end, or by drawing 
off the rivet heads securing the angle irons to the flat end, which 
must therefore be made sufficiently strong to bear the strain 
where most severe, which will be at the centre of gravity of the 
sector when the gusset is arranged radially. 

When the stay consists of a gusset plate and diagonal plate, the 
strength of the latter must be considered separately as a diagonal 
stay. It may, however, be remarked that a considerable portion 
of the strain that would otherwise come upon the diagonal plate 
is distributed by the angle iron over a portion of the gusset plate; 
and where the edges of the two plates are also butted well to- 
gether the whole stay may be considered aa a solid gusset plate. 
There can be no doubt that where applicable a gusset forms 
the best stay, especially in cases where it is of great depth, 
which enables it to act effectively over a great length of plate. 
In the event of the end plate giving way through the rivet 
holes or along the edge of the angle iron securing it to the boiler 
shell or flue tubes, the gusset plate if well secured would be 
more likely than any other kind of stay to hold the end plate 
in its place and allow the pressure to diminish gradually through 
the rent formed, instead of blowing the plate completely away 
and cauaing a violent explosion. 
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In cases where considerable pressure is used, it is advisable 
to extend the length of the gusset along the shell and secure it 
to the second belting of plates, and not to the first only, which 
is the usual practice. Long, pl^dn, cylindrical externally fired 
boilers being liable to break their backs, should have their ends 
tied together with stout longitudinal plate or bar-stays properly 
suspended or supported where necesnary. These stays are not 
so much intended to prevent the occurrence of transverse seam 
lips as to prevent the two ends flying off in opposite directions 
if a transverse rent should occur, and so far are meant to pre- 
vent an explosion, or at leai^t to greatly mitigate its effects. 

Straight furnace tubcH attached by angle irons or flanges to 
flat plates and small tubes riveted over at the ends may be 
regarded as stays for the plates they unite. When, however, in 
the case of a clnster of small tubes the plates are thin and of large 
area the tubes alonecannot be depended upon, even when femiled 
and riveted over at both eud», and their efficiency as stays should 
be increased either by prolonging some of them beyond the plates 
and screwing nuts on their ends, or by inserting at proper dis- 
tances longitudinal stays secured by nuts both inside and out. 

It must be remembered that in longitudinal tubes heated 
internally either all round their circumference when vertical, 
or only on their upper surface when horizontal, the greater 
expansion of the tube compared with that of the shell, throws 
a severe strain on the end attachment and stays, over and 
above that due to the pressure. This happens only with tubes 
of too large a diameter compared with their length to accommo 
date themselves to the expansion by bending, and it is only 
after the expansion due to the heat has been allowed by the 
bulging of the end plate or stretching of the shell and stays, 
that the tube can be regarded as a stay at all. It is, therefore, 
obvious that such tubes should have freedom to expand and 
contract without throwing undue stress on the rest of the boiler, 
which is best effected by impartingr to the end plates the least 
amount of rigidity consistent with safety, which may be done 
by keeping all the stays the greatest distance allowable from 
the tube, and by making the flat ends as thin as may be 
expedient. 

The flat ends of tubular boilers, at least up to 8 feet 
diameter, should always be made in one plate, either solid or 
welded, and not in several pieces, which are so liable to leak or 
groove at the riveted joints. 

The usual method of calculating the pressure acting on stay 
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Fig. 13. 



holts, is to connider each bolt as sustaining the pressure against 
a certain area of the plate to which it is attached. In water- 
space staying the area is measured by 
the rectangle contained between four 
bolts, as in fig. 13. 

Where the pressure is very great, 
as in locomotiye boilers, the strength 
of the plate is not taken into account, 
the whole pressure being regarded as 
borne by the stays. Water-space stays 
should be made to bear at most one- 
eighth or one- tenth their breaking strain, 
or say 4000 lbs. per square inch, to 
ensure sufficient strength being left when they are wasted by 
corrosion. The whole surface of the stay bolt is exposed to the 
corrosive effect of the water, whilst only one side of the plate 
is exposed. 

The size of the stay may be found by the following 
formula : — 




A = 



s 



3 



X P 



4000 



where A = area of each bolt ; s = distance between centres, and 
P = working pressure. 

When the area of the bolts is given, the distance of the 
centres can be found as follows : — 



8 



-y- 



4000 X A 



In determining the diameter of stay, it is usual to make it 
twice the thickness of the plate. 

To render the inside of locomotive and similar boilers more 
accessible, the end plate stays are sometimes arranged diago- 
nally and secured to the shell, and in various other descrip- 
tions of boilers diagonal stays are used instead of longitudinal. 
These diagonal stays should never be attached to the inside 
furnaces or furnace tubes, where they are liable to cause trouble 
by their tendency to arrest the expansion and contraction of 
the plates. The resultant tension is greater on a diagonal than 
on a longitudinal stay, and may be found thus : — 

P 

coBin A 

F 2 
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where D = tension on diagonal stay ; P - pressare against end 
plate, and A the angle which the stay makes with the direc- 
tion of the pressure against the flat plate. 

In fig. 14, if we make S 
Fig. 14. the distance between the flat 

plate E, and stay attachment 
B = the pressure at right 
angles to the plate which is 
supported by the stay, the 
tenfuon D will be represented 
graphically by the centre line 
T of stay. 

We are indebted to Sir 
W. Fairbairn for some experiments on iron and copper screwed 
stay bolts, let into copper and iron plates similar to locomo- 
tive firebox staying. 

tst. A f iron stay with enlarged head screwed and riveted 
into a f iron plate, failed by breaking through the shank with 
12*5 tons, the screw and plate remaining uninjured. 

2nd. A similar arrangement, but with a copper plate, failed 
with a load of 10*7 tons, the he^ tearing off, and the copper 
threads ^tripping. 

3rd. A 1'^ iron stay with enlarged ^nd screwed into a 
I" copper plate, and not riveted, was drawn out of the plate 
by 8*1 tons, the copper thread stripping. 

4th. A ^^^ copper stay with enlarged end, screwed and 
riveted into a f coppper plate, broke through the shank with 
7 *2 tons, after stretching y^". 

The above results may be arranged as follows : — 



y. — 1 ' 


Breaking 
weight. 

Tons. 


Streng^ 

distributed 
over 26" area, 

this would 
give lbs. per 
square inch. 


Strength 

distributed 

over 16" area, 

this would 

give Ibe. per 

squave inch. 


Ist. Iron into iron, screwed 

and riveted . 
2nd. Irop into copper, screwed 

and rivete4 . 
Srd. Iron into copper, screwed 

only .... 
4th. Copper into copper, screwed 

and riveted . • , 


12'5 

10-7 

8-2 

7*2 


1120 
960 
726 
645 


1750 
1500 
n84 
1008 
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The first of these results shows that f ' length of screw, sup- 
plemented by a riveted head, is fully equal in strength to the 
bolt. 

Comparing the second and fourth results, we find that an 
iron stay is 60 per cent, stronger than the copper stay, both 
being in copper plates. 

The method of locomotive firebox staying was still further 
tested by the same eminent authority. Two boxes were con- 
structed, each 22" square, having 2f " water space between f iron 
and ^'' copper plates, stayed with \^" iron stays, having enlarged 
ends screwed into the plates, and riveted. In one box the 
stays were arranged at 6" centres. On the application of 
water pressure the sides began at 455 lbs. per square inch to 
bulge outvrards between the stays. At 815 lbs. the construc- 
tion gave way, the head of the central stay being drawn 
through the copper plate. In the other box the stays were 
placed at 4" centres. The bulging began at 515 lbs., increas- 
ing to 995 lbs. ; from this to 1295 lbs. the increase of the 
bulging was inappreciable ; it then increased till the pressure 
reached 1600 lbs., when it amounted to one-third of an inch. 
At 1625 lbs. the f " iron plate gave way by the thread strip- 
ping, and allowed one bf the stays to be drawn through. 

In this last experiment the iron plate JEind not the copper 
one was the weakest, whilst the stays remained sound. The 
greatest stress upon each stay was 9 tons for those at b" centres, 
and 11^ tons for those at 4t" centres. The actual breaking 
strength of the stays would be about 16 tons. 

Comparing these last results with the first of the other set 
of experiments, we find the thread in the iron plate 14 per 
cent, weaker under conditions approaching nearer to those in 
actual, practice than obtained in the experiment when the plate 
stood sound at 12*5 tons. The bulging of the plate may 
account for the decrease of strength, as it would cause the plate 
to be drawn away all round the screw, especially on the 
inside, and would therefore diminish the efficiency of the 
threads. With a similar box, but having the stays at 9" or 
10'' centres, it is very probable the bulging would be so great 
as to enlarge the holes, and allow the centre stays to draw out 
without even stripping the threads. 

Whatever value the above experiments may have in proving 
that for similar arrangements the bolt is weaker than the plate, 
and that the usual practice of locomotive firebox staying is 
sufficiently strong, they afford no sufficient data on which to 
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base the ultimate strength of the plates themselveSy as for 
instance when the stays are better secured by nuts and washers 
instead of by riveting over. For want of better information 
we are still justified in proportioning our stayed surfaoes 
according to the theory advanced on page 23 — ^ihat the 
strength of flat stayed surfaces is inversely as the square of the 
distance of the stays, the thickness being constant, and with 
the same distance of stays the strength of the plate yaries as 
the square of the thickness, and may be expressed by the 
following formula ; — . 

where P = pressure, a = distance between stays, c = a con- 
stant, which we may take at 54,000 for iron plates, h = thick- 
ness of plate. If we take 6 as the factor of safety, c 
becomes 9000. 

When the pressure and thickness are given, we have. 
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from which formula the following table of distances of stays for 
different pressures with |" -^^" and J" plates is calculated- 
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square mch. 


Centres of stays 
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^" plates. 
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As the unstayed surfaces are calculated from the centres of 
the stay bolts, instead of from the edge of the head or actual 
point of support, the above table gives a greater mai^in of 
safety than 6, and the centres may be increased 1^" for f " 
plates ; l^'' for y^ plates, and li" for |" plates. The strength 
of the bolts must be increased to correspond with the increase 
of surfaoe ; and instead of the sizes given at bottom of the table, 
they will vary from 1 to Ij, from 1^ to If, and from 1| to 1| 
respectively for pressures of from 20 to 160 lbs. The increased 
distances can only be relied upon where the stays are secured 
by nuts, or where these are not admissible, by strong, stout, 
riveted heads, not liable to waste away, and not where the 
paltry flat heads so generally used are employed. 

As, however, 1", Ij" and 1^" are for |", ■^' and ^ pl^^tes 
respectively, the largest diameter of stay that admits of having 
proper sized heads formed by hammering, without injuring the 
threads, these diameters should limit the widest centres of 
stays, when nuts are not used, at different pressures, which may 
be found by the formula already given at page 99. 
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'4000 X A 
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. It may be remarked that the centres of stays in locomotive 
fireboxes are seldom determined by the thickness of metal or 
pressure, 4" centres being the general rule for firebox staying, 
whether the pressure be 100 lbs. or 180 lbs., or the plates be 
•ffs' Of V' ^^o centres in this case are determined chiefly 
by the capability of the copper plates in the furnace to resist 
bulging when they become over-heated, which often happens, 
especially when the water is bad. 

The above experiments of Fairbaim were made on plates and 
stays at an ordinary atmospheric temperature, and cannot 
therefore be taken as a standard for the strength of copper 
plates in a firebox. In treatiug of the properties of copper, it 
was stated that its strength diminished rapidly with an increase 
of temperature, some experiments having shown that 25 per cent. 
of its tensile strength was lost at a temperature of 600°. When 
the water is very bad, there can be no doubt that the tem- 
perature of the plates rises considerably above this. This cir- 
cumstance accounts for f and ^" copper plates stayed at 4'' 
centres sometimes failing after two or three years' work, under 
a pressure of from 100 lbs. to 140 lbs* The character of the 



10-1 A TREATISE ON STEAM BOILERS. 

failure varies in an unaccountable manner ; sometimes the plates 
are rent for a considerable length in a straight line between two 
rows of stays, and in some cases, especially when the stays are 
wider apart than usual, or about 6'', the bulged plate gives way 
at its apex, the course of the rent being diagonal to the stays. 
The position, also, of the rupture varies in different cases. 
Frequently the crown plate gives way first, which may be 
accounted for by the deposit from the water settling on this 
plate. When the water is very bad, the partial choking up of 
the side and end water spaces, particularly when they are 
cramped, impedes the free ebullition of the water, and overheat- 
ing, as in the other case, en.«ues. 

The fat crowns of locomotive and portable boiler fireboxes, 
and of combustion chambers, are not usually directly stayed to 
the outer shell, like the ends and sides of the fire-boxes, but 
are strengthened by stay bolts and nuts suspended from wrought- 
iron girder stays, which should be bedded firmly on the tops of 
the end or side plates, but by preference on the former. These 
girder stays are either forged solid, or they are made of two 
plates, with a space between, for the bolts, and are riveted 
together at the ends. To avoid having an undue thickness of 
metal, as well as to preserve a water way for circulation, aud 
cleaning out, a clear space of at least 1^ inch should be left 
between the roof plate and girder stay. In order to enable the 
stay bolt to be tightly screwed up, without bending the plate, 
it is the usual practice to insert ferrules between the plate and 
stay. Another plan is to forge projections on to the solid stay 
bottom, which serve as distance pieces, and into which the stay 
bolts are tapped from the under side. Both these methods act 
also with advantage in imparting great strength and stiffness to 
the whole. The plate is thus made to act as a bottom flange 
to the g;irder, and is fixed at the ends, whilst the web is merely 
supported at both ends. The girder is therefore of a compound 
type. For want of sufficient experimental data from which to 
deduce a rule for the strength and stiffness of this arrangement, 
we must confine our attention to the strength of the stay itself, 
using a smaller factor of safety in consequence of the strengtli 
imparted by the bottom flange. The stay may then be takeu 
as a beam, uniformly loaded, and supported at both ends. Its 
strength can therefore be determined by the usual formula, 

w; __ c hd^ 

~8 ~e^ 
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Where W = distributed weight, = pressure x distance be* 
tween girders x length of span zr p X' S X 2 
I zz length of span in inches. 
c =: modulus of rupture = 54000. 
b = breadth in inches. 

d = depth yy yy 

p = pressure in lbs. per square inch. 

The length of span being given as well as the pressure and 
width between girders, the breadth and depth are the unknown 
quantities usually required. The breadth varies from ^ to ^ 
the depth, and may be taken at jth, which is about the average. 
Taking the factor of safety at about 3, the foiinula for the 
depth becomes 

d-. 8/P X SZ^ 
^ 6000 

In girder stays of long span one-fourth the depth will be 
found, too much for the thickness, and may be made one-fifth, 
the depth being increased to correspond. 

As wrought-iron bars under a transverse strain deflect con- 
siderably before they break, the useful strength of wrought-iron 
girder stays must be estimated by the amount of deflection it is 
safe or expedient to allow, and not by their actual breaking 
weight. It has been found that in bars, whose depth is not 
less than about one-tenth their length, the deflection due to a 
load less than that required to OTercome the limit of elasticity, 
or about one- third the breaking weight, is trifling, and when the 
strength is proportioned accordingly the bar may be regarded as 
sufficiently stiff. 

When a girder stay of known proportions has been found to 
answer under a certain pressure, it is sometimes useful to know 
how its stiffness is affected by the alteration of pressure, or of 
its proportions. The conditions of stiffness are shown by the 
following formula : 

I =r length of beam, h = breadth, and d =: depth, 
c = a constant quality, and d = deflection. 

From this it is seen that the deflection of a beam is directly 
as the weight and cube of the length, and inversely as the 

F 3 
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breadth and cube of the depth. In order to preserve the same 
stiffness, the depth must be increased in the same proportion as 
the length, tbe breadth remaining constant. With a constant 
depth the stiffness will remain unaltered when the breadth is 
as the cube of the length, or when 6^ is as 2. 

The usual method of staying firebox crowns by girder stays 
has the disadvantage of causing half the load on the crown plate 
to be concentrated upon a few portions of the end plates. With 
a large firebox this load is frequently more than that required 
to crush the copper and produce distortion of the tube holes. 
In order to avoid this and the great size of the stay, necessary 
in very long fireboxes, if arranged longitudiually, the girder 
stays are sometimes arranged transversely. In whichever man- 
ner these stays are placed, too great cai-e cannot be taken to 
make them sufficiently long, and to bed them firmly and evenly 
on the end or side plates, in order that the weight may come 
directly on to these, and be carried by the foundation ring of 
the firebox instead of by the roof plate, which is sometimes the 
case when the censurable plan is adopted of not letting the 
girder stay ends project past -the ends or sides, but merely to 
rest on the crown plate, thus throwing the weight on the 
joints, or portion of the roof that is ill calculated to bear the 
strain. 

In order to relieve the foundation ring of the great strain 
that would otherwise be thrown upon it, some of tbe girder 
stays are usually secured to the outer shell crown by siiug stays 
attache i to angle or T irons. 

A plan of arranging the girder stays, adopted to a consider- 
able extent on the continent, is to carry them right across the 
firebox crown, and secure them firmly to the outside shell 
sides, which must be carried sufficiently high to admit of this 
arrangement. The formula for calculating the strength of 
these stays is that for beams uniformly loaded and fixed at both 
ends. 

Another arrangement .is to fix the girder stays in a longitu- 
dinal direction to the outer shell crown. In this case the stays 
usually consist of plates secured by angle irons to the shell, 
with double-angle irons below, to which the firebox crown is 
stayed by bolts in the usual manner. This and most of the 
arrangements of girder staying interfere greatly with the wash- 
ing out and cleaning of the crown, which rapidly wears out in 
consequence. In order to obviate this defect, and at the same 
time to get rid of the cumbrous weight and mass of these heayy 
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stays the practice is becoming now more general of staying the fire- 
box crown to the outer shell like the nides and ends. The 
outer shell cfown plate is in some such oases made flat, which 
renders the attachment of the stays more easy, and allows the 
outside plate to spring, and so accommodate itself to the ex- 
pansion and contraction of the firebox, to which it is now 
rigidly attached. Where the outer shell is circular the stays 
require to be arranged to allow sufficient play at the ends of 
the inside crown for the vertical expansion and contraction of 
the side and end plates. 

In order to preserve the cylindrical form, the tubes in the 
best made CorniAh and Lancashire boilers are welded at the 
longitndinal joints when made of iron. In using steel and 
where the workmanship of the welding cannot be relied upon 
in iron tubes, butt joints with strips on the water side should 
be used. These longitudinal seams in the furnace plates 
should in all cases be Jcept below the fire bars, whether the 
joint be lap, butt, or welded. Steel tubes are usually con- 
sidered stronger than iron in the ratio of 6:5. The usual 
means of strengthening furnace tubes by dividing them into 
short lengths is to join each belt, or every second or third belt, 
according to the strength required by T-iron rings, '^ Adamson " 
ring seams, or '' Bowling " hoops. 

In using the first method (fig. 15) which imparts great (some- 
times too great) rigidity to tbe tube, the flange in contact with 
the tubes f^hould not exceed the thickness of the plate, or say 
i" as a rule, but the perpendicular flange may be made stronger. 
By making the successive belts of plate to butt closely 
together, a practice which is still sometimes stupidly adopted, 
too great rigidity is imparted to the tube, and. grooving on the 
water nde at the edge of the T-iron flanges is sure to follow. 
Owing to the difficulty of effectually caulking such a joint, 
either in a single or F' 1^ 

two-flued boiler, when °' 

a leakage occurs at the 
water spaces, it cannot 
be stopped, and the 
tube must be even- 
tually replaced by one 
of better design. In 
order to ease the tube, 

and to allow of efficient caulking at any time, which can be 
done all round the tube on the fire side, a clear space of at 
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least 1" between the plates should always be allowed, as shown 
iu fig. 15. This also lessens the liability to overheat at the 
seam by keeping down the thickness of material. To make 
a good job by this mode of strengthening, accurate workman- 
ship is required, as the two lengths of tube which are embraced 
by the same ring should be of exactly the same diameter, or 
the joint will give trouble. 

A better means, however, of strengthening than the above 
is the Adam son or flanged seam (fig. 16), which has long been 

used with success. It necessitates 
^^ • the use of good iron in the first 

place to ensure sound flanging, 
which is, however, sometimes not 
skilfully done, fuid the plates are 
seriously reduced iu thickness at 
the edge. In many boiler works 
this flanging is economically done 
by suitable machinery in one or two heats, which ensures a 
better job being made, and distresses the plate less than 
the repeated heating with the common method, an advan- 
tage of vital importance when steel is the material to be 
operated upon. The strip of plate between the flanges is 
used rather to admit of sound caulking from the fire side, than 
to add strength. The root of the flange should not have too 
small a radius, say not less than |^" in the inside, or the plate 
will be liable to become grooved on the crown by the alternate 
expansion and contraction, the allowance of which is one of the 
advantages claimed for this seam. The grooving of the flange, 
which frequently takes place, especially at the end attachment, 
is easily repaired by riveting over it a piece of thin plate. Not 
the least important advantage in this seam is that it keeps all 
the rivet heads and plate edges away from the fire, which 
renders it eminently suitable for a furnace joint. The pressure 
inside the boiler also tends to keep the joint closed. When 
any defect requiring repairs occurs at the joints, either to the 
plates or rivets, in the narrow water spaces at the sides of or 
between the tubes in Lancashire boilers, or at the bottom 
of Cornish boilers, the inaccessible position renders repairing 
very difficult. 

The bowling hoop (^g. 17) in iron or steel is of more recent 
date, and has not been so largely applied as the other two 
methods. Its shape precludes the objection of too great rigidity, 
but like the T'iron hoop, it has the disadvantage, when used 
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to connect the furuace plates, of placing a joint, along with a 
double tbiokaeBs of plate is the 6re. 




Another method of itrengthening tubes coDKiata in lujtliiiig 
the contignons belts that make np the tube of two Uitfereut eizex. 
The ends of the smaller ends are flanged to a ~]_ shape to re- 
ceive the larger lengths, and these flanges imparl strength to 
the tube. 

It has also been proposed to strengthen tubes by making 
them of oorrugated plates, the oorrogations ninning at right- 
angles to the axis of the tube. 

In many second-rate boiler works, instead of using any of 
the above means for atrengtheuing the tubes, it is a common 
practice to apply one or more welded or jointed T or angle iron 
hoops (figa. 18 and 19), secured to the tube plates by rivets, 
which should not be more than 6" centres apart 



Fig. 18. 



Rft 19, 




In order to avoid overheating by having an undue thick- 
ness of metal, about an inch water space is maintained between 
the hoop and the tube by means of ferrules, as shown. As 
these have no duty but to act as distance pieces they are best 
made very light, and everything should be done to keep the 
space as clear as cleai as possible to avoid oveiiieating. With this 
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object in view, T iron hoops should never be employed. Their 
extra strength ix totally unnecessary, and their inpreased width 
acts injuriously in preventing the escape of the steam from the 
tube surface, and in harbouring the incrustation and deposit to 
a greater extent than the narrower L iron flange. The usual 
size of angle is from 3" X 3" to 2i" x H" X i". A section of 
3" X 2 J" X i" might, however, be used with advantage. This 
would be found quite strong enough, and much lighter than 
the sections usually employed. 

These strengthening rings are frequently found riveted to the 
body of the plate, without any water spaces at all, or with the 
water space so small as to be practically worthless, the circu- 
lation of the water and removal of the accumulated dirt being 
entirely prevented. The result of this practice is overheating, 
the effects of which are unmistakably exhibited in cracked 
rivet-holes and consequent leakage and corrosion. 

It frequently happens that strengthening hoops require to 
be added to boilers already in use, or after their construction 
is completed. In such cases angle irons should be used, and in 
order to get them through the manhole they require to be made 
in halves. In putting these round the tubes their ends should be 
carefully butted together, and secured by double flsh-plates, 
with at least two rivets at each side of the butt They can 
then be secured to the tubts with rivets passed through light 
ferrules, about one inch deep, and at not more than 6" centres. 
In Lancashire boilers, with very narrow middle and side water 
spaces, the perpendicular flange often requires to be cut away 
to clear the shell or the other tube, and care should be taken 
that it clears properly when put on and when the boiler is at 
work, and also that the incrustation does not effectually bind it 
to the shell after working some time. The corresponding hoops 
on the flues of Lancashire boilers should be placed two or three 
inches clear of each other. When these hoops come in contact 
with the shell or with each other, they interfere with the free 
action of the tubes, which frequently leads to leakage, fractured 
rivet holes, and started seams. 

There can be no doubt that the ^^Adamson " seam is the only 
one whose principle recommends it for the furnace end of a 
tube where the joint is unavoidably exposed to the action of 
the fire, and it should be applied in all new boilers to the furnace, 
whether the collapsing strength of the tube requires it or not. 
However liable to cause slight overheating the angle iron hoop 
may be, it should nevertheless be applied round the furnace, 
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to all unstrengthened tubes iu use, as a precaution agaiust a 
collapse on a large scale, in the event of the furnace crown 
becoming overheated. 

Cylindrical, conical, oval, and rectangular water-tubes are 
often used as a means of strengthening boiler flue tubes of both 
cylindrical and elliptical section. Where the side and middle 
water spaces are very small in Lancashire boilers, these water 
tubes are preferable to encircling hoops, as they offer at the 
same time one of the best means of improving the general 
circulation of the water in the boiler, which is always defective 
when the water spaces are less than 4", even with a clean 
shelL To facilitate their application to boilers in uae water 
tubes are sometimes with advantage fixed in a sloping direc- 
tion fore and aft in the tube. The Galloway tube, however, 
offers the greatest facilities of application^^ besides being the 
best in Bhape for promoting the circulation. 

Where several water tubes are applied as means of strength- 
ening a cylindrical flue tube, they should be arranged vertically, 
and inclined sideways to break joint, but never quite hori- 
zontally, or in one line from end to end. When water tubes 
are used behind the bridge, the furnace itself, when cylindrical, 
should still be strengthened by an encircling hoop, to prevent 
a serious collapse, as already observed. The ends of water- 
tubes should always be flanged for new boilers. Angle irons 
only add to the risk of leakage, but may in some cases be used 
with advantage in old boilers, as they facilitate the application 
of the tube. Some boiler-makers weld-in their water- tubes 
to avoid leakage from joints or rivets. No doubt the motive 
is good, but when the tube requires cutting out for replacing, 
the welded part also generally requires to be removed, and 
causes a very large hole tb be made in the flue tube. 

Water pockets in the sides of the flue tubes are also em- 
ployed to a considerable extent, instead of water tubes passing 
through the centre. They certainly have the advantage of 
allowing a freer passage along the tube for cleaning and ex- 
amination than ordinary 5" or 6" water tubes, which are often 
injudiciously applied only three or four feet apart to tubes of 
even less than 2' 3" diameter, and prevent the passage of any 
but a very smidl adult ; the cleaning iu consequence becomes 
neglected, and the reduction in the evaporative speed and 
economy of the boiler inevitably follows. 



CHAPTER VII. 

BOILER MOUNTINGS, ETC. 

The subject of boiler mountings may be fitly introduced by 
a few remarks on their proper mode of attachment, which is 
too often overlooked. 

The first object to be sought is a good joints which will 
ensure freedom from leakage, and its accompanying evils. At 
the fiat ends and flat surfaces, which can be readily dressed up 
to form a good face there need be no difficulty in making a tight 
cement joint, by bolting the mountings directly on to the plate, 
provided that the plate is not liable to bulge by the pressure, 
and the flange to be bolted is not too thin, and the studs or 
bolts are not too few and far between, and not too small to 
admit of the nuts being tightly screwed up. The proportion 
between the stifihess of the flange and the number and size of 
bolts employed is a simple consideration too firequently not 
sufficiently considered. 

On a curved surface, however, like a boiler-barrel, or hemi- 
spherical end or dome crown, an ordinary cement joint with 
bolt studs cannot be depended upon for tightness. In all such 
cases the mounting should be attached to a seating securely 
riveted to the plate. This seating may be suitably made of 
cast iron, from a pattern tried on to the curved surface. When 
the aperture in the plate is not of the roughest description, a 
good joint with the plate can be ensured by caulking from the 
inside. But in order to provide against any uncertainty in the 
fit of the casting, and to enable the joint to be caulked on the 
outside, it is sometimes recommended to interpose a layer of 
sheet iron about i" 'thick between the casting and the plate. 
With careful workmanship and ordinary skill this refinement 
is not necessary. 

In certain cases seatings of wrought-iron, brass, or cast- 
copper, admitting of caulking inside and out, are applied with 
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advantage. The surface of the seating, which receives the 
mounting, being flat in all cases, can be truly faced and a per- 
fectly tight joint insured. 

The form of the seating admits of some little variety, and 
may be left to individual taste and judgment. 

The application of riveted seatings is rendered doubly neces- 
sary when the attachment to the plates is concealed from view 
by brickwork or other covering. Yet they are often objected 
to on the score of expense. The outlay, however, in many 
cases would be far better applied in providing suitable seatings 
than in attaching a dome, which in the great majority of cases 
is a useless and cumbersome appendage. 

Where the mounting is attached once for all, there need 
be no difficulty in making a faced joint tight with a tbin film 
of cement. But in cases where the joint is periodically broken 
and remade, as, for instance, at the manhole, the faces are 
liable to become uneven from rough usage, and the perfect 
tightness is no longer easily obtained. Cement being no 
longer proof against leakage, resort must be had to cord, 
india-rubber, copper wire, or what is sometimes found to 
answer better than anything with rough faces, namely a piece 
of §" or J" lead pipe carefully arranged, with the ends over- 
lapping within the circle of bolts. An excellent plan of 
making a tight joint is to cut a semi-circular :}-inch groove 
in each of the two faces, into which a copper wire is 
inserted, with the ends brazed together, and sufficiintly thick 
to keep the faces from close coutapt wfien the joint is screwed 
up. The faces of manhole and mudhole-mouthpieces are often 
destroyed by attempts to wedge off the covers when these are 
difficult of removal. The reckless insertion of chisels, &o., 
may be avoided by providing two tap-bolts at opposite points 
in the cover. On screwing th^se up against the face of the 
seating the cover is gently but irresistibly removed. 

THE FEED APPABATUS. 

Every boiler should be provided with its own independent 
feed back pressure valve. In too many cases reliance is 
placed upon the pump valves and the check valve, fltted to 
some injectors for preventing the water being forced back out 
of the boiler by the steam pressure. Now, in the case of a 
hingle boiler the pump valves may be considered as a sufficient 
safeguard against the loss of water by the way it entered, if 
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there be no way of escape between the boiler and the pump. 
But it 80 frequently happens, during the life of a boiler, that 
branches are added to the feed delivery pipe terminating in a 
stop valve, or tap, which requires to be closed and opened by 
hand, whereby a great, risk of emptying the boiler is incurred, 
that it is advisable to fit a check valve to every new boiler in the 
first instance. With respect to the check valve on a Giffard's 
injector, its action cannot be depended upon, as it is usually 
inverted, or, at the best, placed horizontally. Boiler feed check 
valves should never be placed horizontally, as, when the closing of 
the valve is not assiRted by its own weight, the back pressure 
of water from the boiler often fails to make it act. 

When two or more boilers are fed from the same pump, it 
is necessary that each should be furnished with a back pressure 
valve. The system, but too common, of providing each boiler 
merely with a stop valve for regulating the feed has led to 
numerous explosions, from the water being syphoned out of 
one boiler into the other. The presence of a stop valve between 
the pump and boiler should always be accompanied by a relief 
valve, to prevent risk of bursting the delivery pipe by closing 
the stop valve with the pump at work. 

There are two descriptions of feed back pressure valves in 
general use, viz. : ball clacks, and mitre valves with feather 
guides. The casing may be made of cast iron, but the valve 
seat and lid must be of brass, or rather gun-metaL Ball valves 
are usually employed in locomotives, as they act more f^ely, 
are less prone to stick fast, require less frequent renewal, and 
are generally more suitable for the high speed of pump attained 
in locomotive working. Mitre valves are also sometimes used 
for locomotives, especially with injectors, and nearly always for 
stationary boilers, where they are readily adapted to act also as 
stop valves, by having a spindle made to screw down on the 
valve lid, by which the amount of lift can be regulated. A 
common but dangerous practice is to have this spindle attached 
to the valve. By this arrangement its closing can be pre- 
vented, and it is thereby rendered non-self-acting and useless 
for a back pressure valve. 

Two common defects met with in the design of back pres- 
sure valves are, 1, the allowance of too much lift, which quickly 
brings about the destruction of the valve and seat, so far as 
tightness is concerned, by the hammering action they undergo, 
especially with a quick stroke pump. 2. The delivery branch 
to the boiler is often not kept sufficiently high above the valve. 
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and the chamber above the valve is not made sufficiently large. 
This, causing the back pressure to act on the side of the valve, 
instead of on the top, leads to the unequal wear of the seat, if 
it does not actually prevent the valve from closing properly. 
These two defects, which often escape detection, have been the 
cause of endless trouble in keeping these valves tight. One 
quarter-inch left is as much as any valve should have, and in 
many cases y^^'' lift should not be exceeded. The average rate 
of flow through the valve is 400 feet per minute, and should 
not exceed 600 feet. In order to diminish- the blow on the 
valve, an air vessel is sometimes added, and also a valve for 
the admission of air on the suction side of the pump. To save 
the pipe from bursting, it is obvious that the size and lift of 
the pump valves should be governed by those of the check 
valve. 

A great diversity of opinion exists respecting the best position 
for the introduction of the feed water. The usual practice is 
to admit it near the bottom in all kinds of boilers. Whether 
this is theoretically correct with a view of obtaining the maxi- 
mum evaporative efficiency depends upon the description and 
arrangement of heating surface. There are, however, practical 
oonsiderations which completely overrule any supposed or actual 
saving of fuel to be derived from introducing the feed at the 
lowest point of the boiler. When the water enters at a very 
high temperature the results obtained from difference of posi- 
tion will of course be less marked. 

In externally fired boilers the usual plan is to carry the feed 
pipe from the crown down to within a few inches of the boiler 
bottom, which receives the impact of the cold water. The 
natural tendency of this mode of delivery is to lower the tem- 
perature of the plates in the vicinity of the feed pipe orifice 
every time the water enters, thus increasing unnecessarily the 
wear and tear of the boiler. When the feed is not heated, and 
the plates on to which it is delivered are exposed to a high 
temperature, this practice is simply dangerous, and is one of the 
most frequent causes of transverse seam rips. Even with feed 
water at a high temperature, say 250% the difference between 
this and the temperature of the plates may still be very great. 

When the pipe is cut short, say two feet from the bottom, 
the injurious effect of the entering water is no doubt diminishet), 
but, even in this case, when the supply, sufficient to serve half- 
a-dozen boilers, is concentrated for a time on a single boiler, 
the water must be injected with great force upon the plate 



116 A TREATISE ON STEAM BOILERS. 

beneath. A plan frequently adapted to prevent the cooling 
effect on the plates is to fix a vessel under the mouth of the 
pipe to receive the feed. By this means the water is also better 
distributed, as it overflows by displacement from the sides of 
the vessel. With some waters this vessel may be made to act 
usefully as a sediment collector. 

In Cornish, Lancashire and similar boilers, the feed is usually 
delivered near the bottom, either through an aperture in the 
front end plate, or through a vertical pipe from the crown, or 
by the bottom blow*-out pipe. This practice appears to be due 
to the prevalent opinion that by delivering the cold feed at a 
high point in the boiler the furnace crown seams are liable to 
be started, and that the cold water should be admitted as fat 
below the steam as possible, to prevent any condensing effect it 
might produce. In multi-tubular boilers of the locomotive 
type, the feed is admitted at various points in the firebox 
and barrel according to the practice prevaQing in different 
localities. 

Now, in most internally-fired tubular boilers there is a con- 
siderable amount of dead water at the bottom which remains 
comparatively cold long after steam is being formed above where 
the heat is greatest, and it seems opposed to common sense to 
prolong the existence or increase the quantity of this dead water 
by admitting the cold feed at the bottom, where it has a ten- 
dency to remain. By introducing it at a higher point in the 
boiler, the comparatively cold water naturally tends to descend, 
in consequence of its superior gravity, and promotes the circula- 
tion by displacement. In its descent, which may be retarded 
by the circulation, the water becomes heated, and thus tends to 
equalise the temperature above and below, and thereby lessens 
the inequality between the temperatures of the top and bottom 
of the shell, which is so destructive to the boiler. 

Another circumstance in connection with this matter, which 
is too often lost sight of, is the importance of preventing as much 
of the water as possible from being forced back through the 
feed inlet, in the event of the back pressure valve not acting 
properly — by no means a rare occurrence brought about 
by defective condition, or by the obstruction caused by chips 
or pieces of incrustation lodging on the valve seat. This 
consideration alone should go far to determine the best point 
for the feed delivery, and consequently in the best boiler practice 
the feed apparatus is arranged to deliver an inch or two below 
the lowest water level. By this arrangement the furnace crowns 
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of iuterually fired boilers, and the hot side plates of externally 
fired boilers, are not liable to be suddenly drained dry in the 
event of the feed^check-valTe becoming inoperative. In order 
to guard against any risk of starting the furnace-tube seams of 
internally fired boilers, the feed should be admitted through a 
horizontal perforated pipe, having the end closed, from four to 
eight feet long, placed just below the lowest water leveL By 
this means the water is well distributed, and can have no 
sensible effect in contracting the plates. By making the internal 
feed-pipe of considerable length, an opportunity is afforded of 
raising the temperature of the entering water before it mixes 
with the water in the boiler. 

In using feed water containing much bicarbonate of lime in 
solution, the elevation of temperature causes such a rapid pre* 
cipitation of the lime salts, that the perforations become rapidly 
choked up, which leads to serious inconvenience. With water 
of this description, it is advisable to use a short internal pipe, 
only a few inches in length, ending in an open trough, or pipe 
of larger diameter with the upper side cut away. The distri- 
bution of the water is by this means still madntained, whilst the 
liability to choke up is to a great extent removed. 

In the locomotive class of boiler it is difficult to apply any 
internal feed arrangement, and experience has proved that from 
the difficulty, and, in many ca^es, the impossibility, of frequent 
examination, it is safer to leave them off, in consequence of their 
liability to ohoke up with deposit. The same remark applies 
with almost equal force to small vertical boilers internally fired. 
A short pipe, delivering just below the water level, can in all 
cases, however, be attached to the feed-valve, and arranged so 
as not to inject the water against the furnace plates or tubes. 
The feed inlet should never be placed near the tube plates or fire- 
box plates in locomotive boilers, since the contraction produced 
by the impingement of the cold feed is sure to make the tubes 
leak, if it does not crack the plates. This applies also to oases 
where an injector is used for feeding, notwithstanding the high 
temperature at which the feed ia introduced. When the feed- 
valve is placed on the shell crown of horizontal boilers, the 
vertical pipe should be provided with a perforated T-pipe end, 
attached so that it can be easily removed for cleaning. In in- 
ternally fired boilers the feed valve is best placed on the side 
of the front end plate, where it is most accessible. 

When placed on the shell crown, the valve should be work- 
able from the boiler front by means of gearing suitably arrange^ 
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to be within reach of the fireman at his post near the furnace 
door and water gauge. The feed supply should always be 
regulated to keep the water level as nearly stationary as pes- 
bible. This can usually be easily managed when the demand 
for steam is regiilar. It is far better for the boiler than the 
careless but common practice of allowing the water level to fall 
periodically a few inches and rapidly raising it by turning the 
feed full on. The rapid introduction of a large body of cold 
water frequently causes leakage at the rivets and joints, and 
increases greatly the wear and tear of the boiler, not only by 
Huddenly contracting the plates, but also, indirectly, by reducing 
the steam pressure, and necessitating heavy firing, which again 
gives trouble by the priming it causes. 

It is very important that the feed water should be introdnoed 
into the boiler at as high a temperature as possible, both with 
the view of maintaining an even temperature throughout the 
boiler, so as to reduce the wear and tear arising from uneqnal 
expansion and contraction, and also to effect a direct saving in 
fuel when the feed is warmed by the exhaust steam or waste 
gases. The mode of estimating the saving to be effected by any 
increase in the temperature of the feed is given on page 308. 
It may be remarked that the valve of an efficient apparatus for 
heating by the waste gases is greatest when it is used in con- 
nection with boilers badly proportioned or badly set, which 
allow a great waste of heat up the chimney. 

The feed-water may be heated in various ways. In con- 
densing engines it is usually supplied from the hot-well, where 
the temperature is usually about 100°. In non-condensing 
engines it may be heated with the exhaust steam, either by 
surface or injection. The usual plan for heating by surface is 
to force the water from the pump to the boiler through a spiral 
or serpentine coil of pipes, enclosed in a suitable casing, throngh 
which the exhaust steam passes. Another plan is to let the 
exhaust escape through one or more pipes surrounded by a 
narrow annular space, through which the feed is slowly forced 
into the boiler. The objection to all effective surface heaters 
by exhaust steam is their liability to become furred up when the 
water contains a considerable quantity of lime-salts, the deposit 
of which rapidly diminishes the efficiency of the apparatus, and 
may in course of time prevent the passage of the water alto- 
gether, unless the pipe is sufficiently large to admit the forma- 
tion of a coating thick enough to keep down the temperature 
'-^ -*^^e water below the point of precipitation. 
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The UBual plan of heating by injection is to carry the exhaust 

pipe into an open or closed tank containing the water to be heated^ 

upon the surface of which the current of steam is directed. By 

regulating the influx of the cold water the temperature of the 

water in the tank can usually be maintained at the boiling point. 

The water may be heated both by the exhaust steam and the 

waste gases, by suitably arranging the annular chamber round 

the exhaust so as to receive the heat from the escaping gases. 

The most effective plan of heating by the exhaust is to allow 

the water in the form of spray to fall from the top of a vessel 

through the ascending current of steam. Where but little 

grease is used in the cylinder, and the water is good, heating 

by injection can be used with great advantage, but where the 

water contains much carbonate of lime or magnesia, the presence 

of these salts, in combination with the grease, leads to leaky 

joints, fractured rivet holes and bulged plates, and other effects 

of overheating, 

There are various plans for heating the feed by the waste 
gases. The water is sometimes led through a coil of pipes 
placed in the soioke-box or external flues. These apparatus 
are usually very eficient at first, when they are arranged across 
the current of gases, but their efl^ciency rapidly diminishes as 
the pipes become coated with soot and flue dirt, which usually 
happens unless the surface of the pipes is kept clean by con- 
tinual scraping. With an ef&oient apparatus in contact with 
the gases escaping at between 600°|and 700°, the feed may 
be heated when the boiler is at work to 250° or more. 

In heating by exhaust steam from a non-condensing engine 
the feed can at the best only be raised to the boiling point 
corresponding to the barometric pressure, or to a temperature 
of about 212°. 

Since nearly all heating apparatus are liable to derangement 
from furring up, and from joints or pipes breaking in inacces- 
sible positions, it is advisable to have a duplicate and reliable 
direct communication between the pump and the boiler in oases 
where the stoppage of the boiler for a few hours is attended 
with great inconvenience. 

SAFETY VALVES. 

The safety valve should be large enough to allow all the 
steam that may be formed in the boiler to escape with snfSleieut 
rapidity to prevent the initial bio wing-off pressure being ex- 
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ceeded by more than about 1 2 per cent. The quantity of steam 
generated will depend upon the amount of fuel consumed, and 
-the amount of water evaporated per lb. of fuel in a given 
time. These quantities are again dependent upon the size of 
fire grate and rate of combustion, and upon the quality of fuel, 
and the extent and efficiency of heating surface. 

Instead of estimating by the heating surface it is, however, 
more convenient to take the maximum quantity of water that 
can be evaporated per lb. of fuel in any given boiler, which we 
may take at 10 lbs., whence we have — 

g^ gr X c X 10 _ gc 
3600 360 

where S = lbs. of steam generated in one second, 
g = area of fire grate in square feet, 
c = rate of combustion in lbs. per square foot of grate 
per hour. 

The velocity at which dry steam at more than 11 lbs. 
above atmospheric pressure escapes into the atmosphere, ac 
cording to Mr. McFarlane Gray, is approximately represented 
as follows :— 

To 

where W = weight of steam in lbs. discharged per square inch 
of opening per second, and P = pressure in lbs. per square 
inch above zero. 

In order that the steam maybe discharged as rapidl^ras it 
is formed, the area of the safety valve aperture, or A, must 

be equal to r== or 
VV 



A = 



- 9<^ 



614 P 



The velocity of discharge will, however, be governed, to 
some extent, by the dryness of the steam, and by the arrange- 
ment of the valve and its adjuncts. If the aperture be not 
sufficient to discharge the steam as quickly as it is raised, the 
pressure will increase, but not indefinitely. By the eleva- 
tion of temperature and pressure the density of the steam and 
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the rafce of efflux will be inci eased, and also at the same time 
the lift of the valve, whilst the load (except with springs) and 
rate at which the steam is generated remain constant, so that 
any increase of pressure due to insufficient size of valve soon 
reaches its limit. 

It might seem reasonable to suppose that when the pressure 
lifts the valve from its seat it would continue to do so until 
the aperture of efflux is equal to the area of the valve, that is, 
until the valve rises to a height equal to i its diameter, in the 
case of a flat disc valve. 

It is, however, found that safety valves seldom rise more 
than about -iV of an inch from their seats, unless the pressure 
at which they commence to blow off be very considerably ex- 
ceeded ; the diameter of the valve should therefore be calculated 
for a lift not exceeding -^ of an inch. In order to obtain 
sufficient area it is better to increase the number than the size 
of the valves when the diameter is as much as five inches. 
The opening for the escape of steam with a conical valve is 
less than the lift ; for a cone of 45^, the decrease is in the ratio 
of 7 : 10. 

As the extent of heating surface may be considerably in- 
creased or diminished without materially affecting the evapo- 
rative power of the boiler, those rules for the area of safety 
valves based simply upon the area of heating surface are not 
of much value. Moreover, as the evaporative efficiency of the 
heating surface is not easily determined, the maximum efficiency 
of the heating surface should always be taken. The rules 
based upon the size of fire grate are not generally applicable, 
since the maximum rate of combustion,. which must be assumed 
in these rules, varies in different kinds of boilers. 

The valves in common use may be divided into two classes, 
according to the form of the joint made by the lid with its 
seat, viz., disc valves^ having a flat-faced joint, and mitre or 
conical valves, with which may be also included spherical 
valves. 

Flat disc valves are guided either by inside wings, central 
spindle^ or outside pins. In their favour it ia urged that they 
are much less liable to stick fast than conical valves, and when 
this iB the circumstance that determines their selection in any 
ease, the outside pin guide arrangement should, in consistency, 
also be adopted. On the other hand, an objection to this class 
of valve is the difficulty of keeping a tight joint at high pres- 
sures for a reasonable length of time. At 120 lbs. pressure it 
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is almost impossible to make the joint tight at all with a flat 
face I inch or more in width. Another objection is the tardy 
escape of steam past the wide face, the direction being at 
right angles to its flow before reaching the valve, which leads to 
a considerable rine in pressure compared with that at which the 
valve lifts. 

In favour of the mitre valve is the greater facility in keeping 
the joint steam tight vrhen the bearing surface is not made too 
wide. A mitre -^ inch in width is quite sufficient, and is 
found to answer far better for valves, at least up to four inches 
diameter, than bearings -|- or -^^ inch, which are more common. 
The usual and best angle for the cone is 45^ The liability to 
stick fast increases with the acuteness of the angle, and it 
should, therefore, not be less than the above. It is sometimes 
urged against the efficiency of the mitre that it requires a 
greater lift of valve for a given opening than the flat face. 
Experience shows, however, that even as usually made, the 
mitre valve does not allow such a great elevation above the 
initial blowing-off pressure in the boiler as the other, the 
diameter of valve, rapidity of evaporation, and the pressure 
being equal in both cases. 

At first sight it might be supposed that the exposure of an 
increased area of valve lid to the reaction of the steam pressure 
as it becomes lifted from its seat, especially in the case of a 
disc valve with wide bearing, would cause the valve to be still 
further lifted, and so favour the escape of steam. This, how- 
ever, does not take place, and can be accounted for by the fact 
of the steam under the facing being in a state of motion, at 
right angles, in the case of a flat face, to the resistance, and not 
a vertical dead pressiu'e, as it was before the valve lifted. Any 
increase of exposed seating area does not appear to have any 
influence in facilitating the efflux of steam by causing a greater 
lift ; but on the contrary, the increased area diminishes the 
amount of escape from a disc valve to such an extent as to lead 
to a considerable rise, in some cases as much as from 12 to 
20 lbs. above the initial blowing-off' pressure of 60 lbs. or 70 lbs. 
The excess of area on the top of the valve, above that which is 
exposed to the steam pressure when the valve is on its seat, has 
to bear the additional unbalanced pressure of the atmosphere 
when once the valve is lifted. No doubt this has some influence 
in resisting the rise of the valve, especially with low pressures 
and wide faces. In connection with this flat-faced valve, it may 
be mentioned that the curious eflfect has been observed of the 
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valve lid being rather drawn to the seat than repelled, and 
maintained at a certain distance, \(hich diminishes as the initial 
blowing off pressure is increased. It is by many supposed that 
a valve once lifted will not close again until the pressure be- 
comes reduced in proportion to the increased area exposed to 
the steam when the valve lid is off its seat. That this is the 
case to some slight extent there can be no doubt, but not to 
such a degree as is generally supposed. The quantity of steam 
escaping after the pressure has subsided to the initial bio wing- 
off pressure is usually only very small, and is much less with a 
mitre face or sharp edge than a wide flat face, which does not 
appear to cut off the current of steam so readily. 

The valve lids are at present guided chiefly by inside wings 
or feathers, or by a central spindle. The former is decidedly 
the better plan, as the spindle is liable to get bent or stick fast 
by corrosion or dirt, which sooner or later insinuates itself. The 
wings are often made too good a fit, and stick fast when the 
valve becomes hot, especially when the casing is of cast iron, 
and the valve-lid is of brass. The method of guiding by outside 
pins is now rarely employed. Spherical valves require no 
guiding on their seat, and are in consequence less liable to stick 
fast, a most important advantage in a safety valve. 

Safety valves are weighted either indirectly by levers, or 
directly by weights or springs. When the valve-lid is pressed 
down by a projection on the under side of a straight lever, an 
awkwaid lateral thrust i& thrown upon the valve, in consequence 
of the centre of rotation being above the point where the thrust 
takes place. By bending down the fulcrum end of the lever 
sufficiently, this lateral thrust can be avoided. When, however, 
the weight is transfei^ed to the valve by means of a pin loose 
under the lever, or secured by a double eye and bolt, the angular 
thrust is practically obviated. Instead of the pin bearing on the 
top of the valve, it is better made to act below the face or joint, 
whereby the angularity of its action is diminished, and the 
weight acts by pulling rather than thrusting, which produces a 
steadier action on the valve. 

Another point in connection with the position of the fulcrum 

is that when the load is transmitted to the pin at a point below 

the centre of rotation of the lever, a rise of the valve reduces 

the leverage with which the load acts. This can be practically 

avoided by keeping the point at which the lever presses on the 

pin in the same horizontal line with the axis of rotation. 

Th^retically speaking, a feature common to nearly all straight 

a 2 
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leyer arrangements id that the leverage is reduced by the end of 
the lever moving in an arc when the valve rises. The reduction is, 
however, bo slight in most oases as not to be worth considering. 

A serions drawback in lever safety valves as usually con- 
structed, is the liability of the pins or bolts at the fulcrum end 
to become fast by rusting, or from getting clogged with grease 
and dirt. The liability to corrode may be reduced by making 
the pins, double-eyes, or lever ends of gun metal. But in all 
cases it is better to do away with the centre pins altogether, 
and make the lever to turn on a knife-edge case-hardened, by 
which the friction is reduced to a minimum. 

Lever safety valves, as usually constructed, are easily tam- 
pered with, and readily prevented from operating efficiently, if 
not altogether. It too frequently happens that the lever is 
made much longer tlian necessary for the blowing-off pressure 
with the weight provided. This allows the attendant, or any 
one actuated by mischief or malice, to increase the pressure in 
the boiler sometimes to as much as 100 per cent, above the 
safe working pressure. In order to prevent such an occurrence 
the lever should always be cut to the length suitable for the 
maximum pressure the boiler is intended to be worked at, or 
the range of the weight should be limited by means of a pin 
permanently fixed in the lever. Sometimes the weight is 
secured to its position by a padlock, which can be removed 
only by the owner, or other responsible person. On the oppo- 
site side of the valve casing to the fulcrum, there is usually a 
guide for the lever to work in, which, instead of being a simple 
fork, is made with the top bridged over. This bridge is in- 
tended to prevent the lever rising sufficiently high to allow the 
valve to be blown away in the event of th« weight dropping off. 
Such an arrangement should, however, never be adopted, as it 
offers an opportunity of wedging down the lever and valve hard 
and fast, too often taken advantage of by reckless and careless 
attendants, when the valve is not steam tight for want of re- 
grinding, or when the free escape of steam becomes trouble- 
some. The commonest plan of overloading is to add to the 
regular weight, bricks, pieces of metal, or any other heavy 
article at hand by which the safety of the boiler may be en- 
dangered. In order that any overloading may be readOy 
detected, only one weight should be allowed on the lever, and this 
should be on the end. To facilitate the operation of regrinding 
the safety valve, the lid should always be provided with a square 
or canted piece cast on, or other handy means for turning it round. 
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Where the boiler id closely housed in, and inconvenience is 
likely to arise from the steam escapiug from the valve, it is 
usually led away by a -waste pipe oommuuicating with the 
casing round the valve. These box or bonneted safety valves, 
as they are called, add another source of danger in the spindle 
between the lever and valve, which, being made to pass through a 
hole or stuffing box, is liable to corrode, or otherwise stick fast. 
There should always be a small pipe to draw off the water, 
which, sooner or later, accumulates in the waste pipe, and 
which, if allowed to remain, will not only cause trouble by pre- 
venting the free escape of the steam, but becomes so much 
additional dead weight on the valve. In frosty weather this 
accumulated water is liable to freeze and choke up the escape 
pipe when the boiler is at rest, so as to render completely use- 
less the means provided for relieving the pressure in the boiler. 
When a hole is provided in the bottom of the waste pipe, with- 
out other means for conducting the water away from the boiler, 
the p]ates near the safety valve often suffer seriously from cor- 
rosion. When it is required to keep the boiler house free from 
steam, the best plan is to carry the pipes or branches right 
through the roof, and fix the safety valves outside the building, 
care being taken that they are in a conspicuous and accessible 
position. The valves in this case should only be of external 
deakl- weight construction. 

In order to ascertain the weight necessary to apply at the 
end of the lever to balance a given pressure on the valve, there 
must be taken into account the load on the valve, due to the 
weight of the lever, as well as the weight of the valve itself 
and connections, which forms an increasing proportion to the 
total load, as the steam pressure is reduced, and the amount of 
leverage is diminished. The leverage with which the weight of 
the lever acts is measured by the distance of its centre of gravity 
from the fulcrum. The centre of gravity is easily found by 
balancing the lever on a knife edge, and the weights of the valve 
and lever can be ascertained by actual weighing. 

The resistance due to the weight of the valve and lever is, 
however, best ascertained by lifting the lever on its place, hav- 
ing the valve temporarily attached, with a suitable spring 
balance applied exactly over the valve centre. But as this is 
done with the boiler at rest, it does not take into account the 
extra amount of friction thrown on the fulcrum pin by the 
presBure, and on the valve guides by the indirect thrust of the 
load when at work. 
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The required weight at the end of the lerer is found by the 
following formula : — 
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Where W =: weight at end of lever, 

L z= distance between weight and fulcrum, 
w zz weight of lever, 

g =z distance of centre of gravity of lever from ful- 
crum, 
P =: pressure in lbs. per square inch above atmosphere, 
V =z weight of valve, 
A ^ area of valve, 
/ = distance between valve centre and fulcrum. 

When the load is given and it is required to find what steam 
pressure is balanced on the valve, we have 
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When the load and pressure are given, we have for the length 
of lever 



L = ((PxA)-(V.!i2^)jl 



(3) 



The lever is sometimes prolonged beyond the fulcrum, and 
provided with an adjustable weight, which is set to balance the 
weight of the lever and connection^. With this arrangement it 
is advisable to counterbalance the weight of the valve as well. 
The formulse for finding the weight at the end of the lever, <fec., 
are then simpUfied, and stand thus : — 



W = 
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W 
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When the lever is pressed down by a spring balance at its 
extremity, a rise of the valve produces a considerable increase 
of pressure by the increase of extension or compression of the 
spring. It is customary to arrange the proportions of the 
lever so that 1 lb. per square inch on the valve is equal to 1 lb. 
pressure of the spring balance. With this arrangement the lift 
of the extremity of the lever is measured by the rise of valve 
multiplied into its area in square inches. This lift of the lever 
end in inches multiplied by the number of lbs. to the inch in 
the graduation of the bakmce, will give the additional load in 
lbs. per square inch placed on the valve by the mere act of 
rising. It is obvious that this additional resistance involves a 
corresponding increased pressure of the steam to obtain its dis- 
charge through the opening of the valve, over and above that 
which is always required to compensate for the loss of lifting 
pressure under the valve due to the motion of the steam at 
this part, and to overcome the resistance offered by the atmo- 
sphere. For example, if we take a four-inch valve, and sup- 
pose it to rise -^^ inch, this will give a rise at the end of the 
lever equal to 0*05 X 12*56 = '628 inch. If the graduation 
of the spring-balance be 25 lbs. per inch, this will give 
'628 X 25 = 15*71 lbs. per square inch, additional resistance 
to be overcome by the steam in order to get a lift of -^jf inch for 
the escape of steam. 

Since the load pressing the valve down increases as the square 
of the diameter, whilst the area of the aperture increases only 
directly as the diameter of the valve, it is obvious that hy in- 
creasing the diameter the increase of pressure necessary to 
obtain a given area of opening increases more rapidly than the 
opening for efflux, or that a large valve will involve a greater 
excess above the initial blowing-off pressure to obtain a given 
area of discharge than a small valve, the spring balance in both 
cases having the same rate of graduation. The increase of 
pressure from the extension or compression of the spring can 
doubtless be reduced to any extent by increasing its length ; 
but in practice the length of spring is limiteck by circumstances 
of convenience. This additional resibtauce also occurs with a 
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Bpring acting directly upon the valve, the decrease in motion 
being balanced by a corresponding increase of resistance in the 
spring. Arrangements to compensate for the increase of resist-^ 
ance due to the rising of the valve, by reducing the leverage by 
means of a bent lever, have been successfully adopted. 

In graduating the spring balances for locomotive and other 
valves, the proper weight can be found by formula (1), or allow- 
ance can be made for the weight of valve, lever, and cofmec- 
tions. When the lever is proportioned so that 1 lb. at its 
extremity balances 1 lb. per square inch pressure, on the valve^ 
or when L =r A 2, 

w = p-i- (v+Ji-p) a) 

This shows that in graduating the balance we Ukve only to 
make the scale lighter by the amount of load due to the weight 
of levef valve, <bc., when this has been ascertained. For ex- 
ample, if the constant load is found to be 7*5 lbs., the extension 
of the spring balance produced by 12*5 lbs. weight must be 
marked 20 lbs. ; that produced by 22*5 lb. weight, 30 lbs., and 
and so on. 

In graduating spring balances it is perhaps the rule rather 
than the exception to disregard the load due to the lever and 
valve. It is alleged in support of this practice that the extra 
area exposed to the pressure of the steam when the valve rises 
from its seat fully compensates for any excess of load not marked 
on the scale. For instance, with a 4-inch valve, having a 
y^g^-inch bearing there will be an extra area amounting to '4 
square inches ; this, multiplied by 601bR., would give 24 lbs., 
which might balance the load of lever, valve, <bc., with a stationary 
boiler, but in the case of a locomotive working at 120 lbs. 
pressure, we should have an increase of pressure, on this assump- 
tion, equal to 48 lbs., which is decidedly too much. In fact, 
to carry out this argument we should have to proportion the 
bearing of the seat to suit various conditions of pressure, size of 
valve, <kc. However, the increased exposed area of valve on 
lifting, as we have already noticed, has no material effect in 
facilitating the escape of steam. 

Some makers profess to specially graduate their spring 
balances at the testing of the boiler with water, when the various 
degrees of pressure at which the valve lifts are noted from a 
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xeliable gauge, and the apriug balance scale is marked off ac- 
cordingly. This method has certainly the advantage of taking 
into account the increase of load due to friction at both ends of 
the lever, and on the valve, if there should be any lateral 
pressure. But it is difficult to reconcile the alleged success of 
this method with the well-known fact that an ordinary valve 
will let water escape more readily than steam at the same 
indicated pressure. This method of graduating spring balances 
would be far better carried out with steam than with water. 

Formula (2) gives, approximately enough, the pressure at 
which the valve will rise, when the arrangement, workmanship, 
and condition are not decidedly bad ; but the amount to which 
the steam pressure will rine above that at which it commences 
to escape will depend upon the degree of pressure itself, as well * 
as upon the character of the valve and speed of evaporation. 

Directly loaded or dead-weight safety valves, as they are 
called, are loaded either internally or externally. The latter 
mode is much to be preferred, as any attempt at overloading or 
tampering can be more readily detected, and the valve cannot 
be jambed down intentionally by fixing a strut between the 
weight and the boiler crown. The great load hanging on the 
spindle of an internal dead-weight valve has been known to 
drop olf, or to break the spindle when it has been weakened by 
concealed corrosion. When this happens, the valve is blown 
away, and the discharge of steam and hot water are likely to 
prove disastrous, unless the valve is en cloned in a ntrong casing. 
The large bulk -of metal used for loading a large internal dead 
weight valve is exi^emely inconvenient inside a boiler. In 
order to prevent the suspending spindle from getting bent by 
any one pushing past inside the boiler, the load should always 
be made free to swing. 

The valve most likely to, be found proof against neglect 
and malice is that of the external pendulous dead-weight con- 
struction, known as the '^Cowburn" valve. Being directly 
loaded, it requires very considerable over-weighting to cause a 
seiious ristf of pressure within the boiler ; and the application of 
any irregular weights can be readily detected. Having no 
cross-bars, there is a clear way for the steam to act on the valve, 
which being spherical requires no guides or feathers to stick 
fast. The issuing steam, by impinging on the cylindrical weight, 
assists in lifting the valve from its seat. From observing the 
action of a great number of valves of various descriptions, tho 

writer has been led to conclude that the *^ Cowburn" valve is tho 

G 8 
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most sensitive and reliable^ and at the same time relieves the 
pressure more quickly than any other valve oommonly used. 

For stationary boilers spring balan9es should never be used, 
nor should the ordinary lever valve, in consequence of the facility 
with which it can be rendered inoperative. All spring balances 
for locomotive and portable engines should be provided with & 
ferrule between the nut and the spring casing, to prevent the 
valve from being screwed down beyond the blowing-off pressure. 
Sometimes, however, the thread on the spindle is made just of 
sufficient length to meet this object. In all cases where spring 
balances are used it should be ascertained that the spring is not 
compressed together so that the lever cannot rise, when the niit 
is screwed down as far as it will go, and that there is still 
*flexibility enough in the spring to allow the valve to rise easily. 

As all valves are liable to stick fast by corrosion when allowed 
to stand unmoved for a length of time, they should be daily 
eased on their seats. For this purpose, and also in order to test 
their freedom of action, valves of the direct-weighted spring 
class, and internally-weighted valves of all descriptions, should 
be provided with a lever or other means to ease them by hand. 
The lever should be so arranged that it cannot be employed to 
assist in keeping down the valve. Many lock valves and others 
arranged so as to be inaccessible and safe against being tampered 
with become fast and useless, and are rather a source of danger 
than otherwise when their efficiency is relied upon. 

No boiler should be allowed* to work without at least two 
good safety valves, in case one should become inoperative. 

Some of these observations are repeated, with additional 
remarks on safety valves, in the chapter on Explosions. 

Besides the safety valves above described for preventing any 
dangerous excess of pressure in the boiler by allowing the steam 
to escape into the atmosphere, there are numerous other ex- 
pedients and arrangements in use for checking the rise of 
pressure beyond a certain point. There is, for instance, a plan 
for closing the damper by self-acting machinery on a certain 
degree of pressure being attained. By another expedient, hot 
water is discharged into the fire. But the majority of these 
apparatus are found to be troublesome and uncertain in their 
action. It may be remarked that discharging hot water from a 
highly-pressed boiler into the fire is liable to prove dangerous 
by Residing, and scattering the burning fuel about the stoke- 
hole. 

In old boiltrs of very weak conslructicn it is advisable to 
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have a safety valve opening inwardly, to any excess of atmo- 
spheiio pressure that may occur when a vacnum is formed inside 
the boiler — a circumstance of frequent occurrence, and which 
has caused the collapse of several large weak cylindrical boilers. 

LOW-WATER SAFETY VALVES. 

Low-water safety valves are used to discharge the steam and 
relieve the boiler from pressure before the water level falls to a 
dangerous degree, either from neglect in feeding, or from the 
water escaping out of the boiler. 

The arrangements of this description which have proved most 
efficient after long trial are the two well-known valves introduced 
respectively by Hopkinson and Kay. Either of these forms a 
most important adjunct to the safety of internally fired tubular 
boilers, from the timely waruing they give of lowness of water. 
They are, however, easily tampered with and rendered useless. 
Their machinery, being inside the boiler, can be examined only 
when the boiler is at rest. 

There are also numerous other expedients used for low water 
indicators. The simplest being variously designed float and 
lever arrangements connected with a whistle on the boiler. The 
majority of these are liable to get out of order, and have been 
found untrustworthy. 

FUSIBLE PLUGS. 

Fusible plugs, in one or more of the numerous shapes in which 
they are made, are more frequently applied than any other 
means as a safeguard against the collapse of furnace crowns from 
overheating through shortness of water. These plugs usually 
consist of a piece of alloy of tin, lead, and bismuth inserted in 
various manners in the furnace crown. So long as the alloy is 
kept at a comparatively low temperature by the water on the 
one side, it is prevented from melting by the fire on the other. 
But on the water level descending so far as to leave the plug 
dry, it is expected to fuse and relieve the pressure in the boiler, 
and at the same time to extinguish the fire and save the furnace 
plates. 

Notwithstanding the great favour in which they are held, as 
proved by their general adoption, there can be no doubt that 
their efficiency has been much overrated, since numerous cases 
occur every year of the furnace cro aua being burnt from short- 
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ness of water without the fusible metal becoming melted. This 
is partially due to the accumulatioii of soot and dirt that usually 
takes place in the cavity oyer which the plug is inserted, and 
partially in consequence of the alteration which takes place in the 
nature of the alloy during long exposure to the heat of the 
furnace. 

There are also numerous in9tances of the fusible metal melting 
out without liberating the steam pressure. This is chiefly 
caused by the accumulation of incrustation on the metal being 
sufficiently strong to withstand the pressure upon it and pre- 
Tent its liberation. The simple plan of screwing or riveting a 
piece of lead or fusible metal into a hole in the furnace-crown 
plate should never be adopted, on account of the leakage that 
often takes place when the plug is slack, which leads to the 
corrosion, patching, and destruction of the plate. Moreover, the 
plug will probably not melt until the crown shall have actually 
become bare. For this reason alone, there should be a provision 
on the furnace plate for the insertion of the plug to keep the 
crown still covered with two or three inches of water after the 
plug itself has been left bare. This is usually done by riveting 
or screwing a seating of wrought iron or gun metal to the fur- 
nace crown, into which the plug of fusible metal is fitted in 
various ways. Care should be taken to make the mouth of this 
seating at least two or three inches in diameter for the easy 
removal of the soot and for the free action of the heat. 

In order to take advantage of the heat of conduction the area 
of the fusible alloy in contact with the casing is increased by 
making the plug of an annular shape, the middle being filled in 
with brass or copper. The same object is attfdned by dividing 
the alloy into several small plugs let into a large cap fitted to 
the seating. This has the further advantage of increasing the 
number of pieces depended upon for safety. Where the area, 
however, is small, greater care ia necessary in keeping the metal 
free from incrustation, a coating of hard scale less than y^^^ inch 
thick over a ^-inch-hole being sufficient to withstand a pressure 
of 70 lbs. or 80 lbs., should the alloy be melted out. This is 
equivalent to saying that less than a month's work with many 
boilers will render such a small plug useless. In making a 
selection of the description of plug the nature of the feed water 
should be taken into consideration. With feed water containing 
much carbonate of lime or magnesia in solution, especially where 
grease is present, many of the fusible plugs in use are found to 
be too sensitive and cause much trouble by melting, even when 
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there is still abundance of water oyer the furnace-crown. In 
such cases the failure of the fusible metal serves as an indication 
of danger from the liability of the furnace plates to overheat. 

To guard against the risk arising out of the tendency to 
change in the nature of the alloy, it is advisable to renew the 
fusible metal every three or four monthR, and only those de- 
scriptions of plugs which admit of this being readily and effici- 
ently done should be chosen. 

It must not be supposed that the steam in an ordinary large- 
sizod boiler can always be liberated with sufficient rapidity 
through a small hole, say ^-inch or |^-inch diameter, to prevent 
over pressure in the event of the furnace-crown becoming bare, 
and such a discharge of dry steam will often have little or no 
effect in retarding the combustion. On the contrary, if we may 
believe the testimony of many firemen and engineers, on the 
melting of the plug, the discbarge of steam over a bright fire 
greatly increases the heat of combustion, the appearance of the 
furnace being changed from a red to a white heat. That this, 
under certain favourable conditions, would take place there can 
be little doubt, and it is probably one reason why fusible plugs 
have been found inefiective in preventing furnace tube collapse. 
When, however, the discharge of water or wet steam over the 
fire is large, combustion will be retarded, the pressure relieved, 
and warning of danger given. 

PBESSUBE GAUGES. 

Besides having an efficient self-acting apparatus for pre- 
venting the accumulation of an undue pressure of steam, it is 
highly desirable as a check on the safety-valve and for obvious 
reasons, if not absolutely necessary for safety, that the boiler 
should be provided with a trustworthy pressure gauge for indi- 
cating the steam pressure at any moment. 

The steam-pressure gauges almost universally employed are of 
two kinds, viz. : 1, the mercurial guage ; and 2, the dial gauge. 
Of the first there are various descriptions, the simplest con- 
sisting of a long glass U tube containing mercury, open at one 
end to the atmosphere, and at the other end in connection with 
the steam in the boiler. The pressure of steam is balanced by 
the column of mercury, the various heights, of the column 
corresponding to the steam pressure, being read off on a plainly 
marked scale alongside the tube. When the steam pressure 
exceeds that due to the height of the mercurial column, 
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naeasnred from the top of the tube where it is open to the air, 
th& mercury is forced out and allows the steam or water to 
escape. The area of the glass tube is iu most cases, however, 
too small to liberate the pressure with sufficient rapidity to 
admit of this apparatus being relied upon as a safety valve. 
Instead of a glass tube one of iron or brass is sometimes used. 
The height corresponding with the pressure is, in this case^ 
indicated by a light rod connected with a float on the surface of 
the mercury. 

When the legs of the tube are of equal diameter a fall of 
one inch on one side will cause a rise of one inch on the other, 
the difference in the level will therefore be two inches, which is 
nearly equal to one pound pressure, or, strictly speaking, is 
equal to '981b.' pressure per square inch above the atmosphere, 
or, lib. pressure = 1*02 inches rise in one leg. Hence 
P = L X '^O.. .(1), where P = pressure in*pounds per square inch 
above the atmosphere, and L = difference in level in inches. 
When the tube legs are of different diameters the pressure is 
readily deduced from the height in the open leg and the ratio of 
the diameters. 

Let h r= rise of the mercury in leg of tube open to atmosphere, 

d = diameter of ditto, 

D = diameter of tube in communication with boiler, 

then the descent of the mercury iu the tube in communication with 

h (P 
the boiler will be = and the difference in the levels will 

be - . .^ 



L = /.(l + _) (2) 



and P = /i h.-h-\x'^9 (3) 

If it be be desired to graduate the scale to indicate directly 
the excess of pressure iu the boiler above the atmospheric pres- 
sure, the length of the divisions, calling them inches, can be 
found thus — 



G 



1 + 51 



By making D very much larger than d when it is required to 
increase the scale for marking small variations of pressure, aud 
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the fraction -~ becomes very small, it may be neglected, and 

the column of mercury in the open branch measures the excess 
of pressure. On the other hand, by making d greatly larger 
than D, which is often done for convenience with high pressures, 
the length of scale may be reduced at pleasure. 

The above formula (2) will not, however, give the precise 
difference of level, especially in the last-mentioned arrangement, 
in consequence of the quantity of water that lodges on the 
mercury in the branch of the tube communicating with the 
boiler. In order to correct the error likely to arise from this 
source it is advisable to fill the boiler branch of the tube full of 
water, and take the point where the mercury now stands at 0, 
and make allowance for the difference. 

As the specific gravity of mercury is 13*6, the difference of 
level when the two branches are of the same diameter will now 
stand h X 1*^2 instead of 7^ X 2. Formula (2) may be 
written — 

d 



L = h (1 + 0-92 i-^) 



As long as the tube branch is kept full of water this last 
formula will give the correct difference in level. 

In order to avoid the inconvenience of having a long tube, 
the plan is sometimes adopted of closing the end of one branch 
and leaving a column of air in, which resists by compression 
the steam pressure in the other branch. These gauges, how- 
ever, in course of time become inaccurate from the oxidising of 
the mercury and the consequent reduction in the volume of air. 

The inconvenience arising from the glass in contact with the 
mercury becoming dull, and the liability to fracture, besides 
other disadvantages, especially when steam of high pressure is 
used, have led to the rejection of mercurial pressure gauges in 
favour of metallic or dial gauges, as they are usually called, 
which, although less accurate and reliable, are better liked for 
their convenient shape, facility of fixing, and small cost. 

The " Bourdon'^ dial gauge, in which the principle of action 
is the tendency of a curved tube closed at one end to become 
straight when subject to internal pressure, when well made is 
perhaps the best in general use. But since the patent right 
has lapsed many wretchedly constructed and untrustworthy 
articles are sold as Bourdon gauges. 
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In all metallic spriug gauges the oonnectiag pipe shoald have 
one or more bends iu it close to the gauge filled with water, 
which serves to transmit the pressure, and keeps the spring at 
a nearly constant and low temperature. In consequence of 
the large surface of pipe exposed to the air the water in the 
pipe and tube is kept cool, but it has the disadvantage of beings 
liable to freeze in winter when in exposed situations. 

For convenience of removal or exaoiination when the boiler 
is at work all pressure gauges or their connections should be 
provided with suitable 8top cocks to shut off the communication 
with the boiler. Yet, in consequence of the risk of deranging or 
breaking the gauge by suddenly letting on or shutting off the 
pressure some engineers prefer attaching their gauges without 
stop cocks. 

In a range of boilers each should be provided with a separate 
pressure gauge, which should never be placed on the steam pipe, 
or where there is a current of steam flowing past the point fi-om 
which the pressure is taken. In such situations they cannot be 
expected to indicate the correct pressure. The best position 
U on the boiler, or asmear as possible, where there is no rapid 
motion of the steam, and where they are immediately under the 
eye of the boiler attendant, but out of reach of rough usage. 

WATBB GAUGES. 

The presence of some means of ascertaining with certainty 
the water level at any moment is, with many kinds of boilers, of 
even greater importance than an efficient pressure gauge. 

If, on the one hand, the water is too low, there is a danger, 
especially in internally fired boilers, of overheating the furnace 
plates ; and, on the otber hand, if the water level is too high, 
there is a risk of priming and other inconveniences. 

The apparatus usually employed for indicating the water level 
are gauge cocks, glass water gauges, and floats. 

Gauge cocks or valves of various designs, too numerous to 
mention, are perhaps the oldest and most generally used means 
for this purpose. They are generally two in number, placed one 
at the highest and the other at the lowest position it is con- 
sidered desirable to have the water leveL When the surface of 
the water stands hetnreen the two cocks it is evident that steam 
will issue from the upper, and water from the lower, when the 
cocks are opened. To ensure greater accuracy in the indications 
of the water level the number of cocks may be increased. 
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tn fiat-ended boilers the cocks are usually placed on the front 
end. In order to avoid errors in indication which too often 
arise from the agitation of the water^ the cocks are sometimes 
screwed into a hollow tube of brass or cast iron attached to the 
boiler, with its ends opening into the steam and water spaces 
sufficiently far removed from the surface to be out of reach of 
the violent agitation of the water. In egg-ended and other 
boilers encash in brickwork above the water level, the cocks are 
UHually attached at or near the crown. The height of the water 
in such cases is found by carrying small internal pipes from the 
cocks to the levels between which the surface of the water is to 
be maintained. 

For the purpose of obviating the inconvenience arising out of 
the necessity of turning the gauge cocks by hand, a great variety 
of glass water gauges have been introduced , by which the water 
level is rendered self-indicating. The oldest and simplest of 
these consists of a glass tube, the top and bottom of which com*- 
municate by means of suitable fittings with the steam and water 
spaces respectively. The level of the water within the glaess is 
taken to be the same as that within the boiler, and is always 
before the eyes of the attendant. To facilitate renewing, 
cleaning, or repacking, the glass gauge should always be provided 
with cocks for shutting off the 'Communication with the boiler, 
and also a third cock for emptying the glass when it is required 
to drain off the water and to ascertain if the apparatus is 
working propwly. This drain cock should always be provided 
with a waste pipe of ample size, and free from sharp bends, for 
carrying away the waste water from the boiler plates. The 
neglect of this provision often results in severe corrosion of the 
front end-plate of furnace- tube and locomotive boilers. There 
should always be provisions for cleaning out the steam and 
water passages of the gauge when the boiler is at work, in the 
event of their choking up with dirt or incrustation. The 
cleaning can be safely effected by using a suitable piece of bent 
wire. The absence of these provisions is a defect of many of 
the p>atented gauges in use. A common defect met with in 
mofat kinds of glass water gauges is the small diameter of the 
steam and water passages. These are seldom more than i 
inch, whereas they should seldom be less than ^ inch diameter. 
In the ordinary gauge the cocks are made either as plug taps 
or as packed gland taps, the latter being used for the purpose of 
concealing, but not preventing, the leakage that takes place when 
the taps are allowed to get out of order. It is the custom to 
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make the drain cock smaller than the others, whereas it should 
have the largest bearing surface, being used probably thirty times 
a day, whilst the others are not used more than twice or thrice, 
and frequently not so often. The effect of the present fashion 
of making these taps too small is the dirty condition too many 
boiler fronts are found in, especially when brackish and other 
hard waters are used. These taps often wear unevenly by being 
turned one quarter round and back again every time they are 
used. Taps always wear better when they are turned com- 
pletely round. In order to enable this to be done, and to 
facilitate their regrinding, it is best to make the handle as a 
loose spiudle, with a stop at each end, aiid working freely in au 
eye on the end of the plug or key as it is caUed. The handles 
are often made so weak as to be wrenched off without mucli 
exertion in attempting to turn the cocks. For comfort in 
grasping, the handles may be covered with leather. The method 
of fitting the handle on to a square on the end of the key has 
frequently led to the unsuspected emptying of the boiler down 
to the level of the water passage, from carelessly putting the 
handle on at the wrong angle. Such an occurrence as the 
escape of the water through the gauge, in consequence of the 
breakage of the glass overnight, when the fires are banked up, 
can be prevented by shutting off the communication between the 
water passage and the boilers. In ordinary sized furnace tube 
boilers the lowest visible point of the glass should never be less 
than 5 inches or 6 inches above the' highest point of the internal 
flues. In some cases it is desirable to increase this distance. 
In consequence of the small steam space in locomotive boilers 
this distance is seldom more than three inches, but the greater 
care with which the water gauge is watched on this class of 
boiler renders a less margin of safety admissible. 

In using dirty water, or when a large quantity of soda Is in- 
troduced into the boiler, the level of the i^ater in the gauge is 
rendered unsteady and unreliable in consequence of the water 
boiling over through the steam passage. This annoyance is 
easily obviated by carrying a small pipe well up into the steam 
space, out of reach of disturbance by the ebullition. Glass 
water gauges as usually constructed are not suitable for exter- 
nally fired boilers with a mass of brickwork in front or with a 
wheel draught, unless the feed water is very free from im- 
purities, as the long horizontal steam and water spaces necessi- 
tated are liable to become rapidly choked up and to render the 
gauge a source of trouble. To overcome the difficulty arising 
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out of the long passages, some engineers have adopted the plan 
of attaching a cylinder to the front end 6f externally iired 
plain cylindrical boilers. This cylinder projects through the brick- 
work and to its flat end the water gauge is conveniently fixed. 

It is always advisable to have two water gauges to a boiler, 
the one being a check upon the other, and acting as a re- 
serve in case of a glass breaking, or any other accident happen- 
ing to a single gauge. As to the best position for the gauge, 
it should be at the furnace end of the boiler, where it is under 
the eye of the attendant. It must, however, be admitted that 
it is here most liable to the disturbing influences that take 
place inside the boiler, which render its indications inaccurate 
and misleading unless proper precautions are taken to obviate 
these objections. 

It has been proposed to insert a piece of glass in the boiler 
finont or other accessible position, to enable the water level 
inside the boiler to be directly seen and read off against an 
internal scale introduced for the purpose. It would, however, 
be necessary, at the same time, to illuminate the interior of the 
boiler by means of a lamp shining through another opening. 
Such an arrangement could only be satisfactorily applied to 
waters free from such impurities as would be likely to besmear 
the scale and inside the glass. 

The water-level indicator most commonly used for externaUy 
fired boilers is the float. The common arrangement of this 
apparatus with its external counterbalance and pulley is too 
well known to require description. Besides this, there are nu- 
merous other arrangements, some of which have the counter- 
balance inside the boiler, and indicate the water level by means 
of an external index-lever. To the common float is sometimes 
added a whistle, arranged to blow and give warning by self- 
acting gear when the water level descends to a certain point 
beyond which it is considered not safe to sink. The well-known 
defect attending the use of the common float is the liability of 
the wire passing through the stuffing box to stick fast from 
being too tightly packed, or from being bent when the boiler is 
being cleaned out. This wire should never be made of iron, as 
it rapidly corrodes, destroys the packing and allows the steam 
to pass, and then an attempt at tight packing is sure to follow. 
Many engineers prefer having the wire not more than i inch 
thick, as it is more easily packed without the aid of a stuffing 
box and gland, and does not so easily become permanently bent 
as a i" or -fj^" inch wire, so commonly used. 
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In consequence of the difficulty above mentioned in connec- 
tion with the use of glass water gauges^ the float is to be 
preferred for plain externally fired boilers, but there should 
always be two to each boiler. When carefully constructed and 
not neglected, the float is a reliable water-level indicator, but 
it requires a great deal of attention to keep it in order. It may 
be placed in any part of the boiler where it is not affected by 
the broken water produced by violent ebullition, and where it 
is least likely to interfere with the cleauing and examination of 
the boiler or circulation of the water. 



BLOW-OUT APPARATUS. 

The bottom blow-out apparatus is used not only for empty* 
ing the boiler, but also for getting rid of some of the dirt and 
sediment in the boiler by discharging a « limited quantity of 
water at intervals with the steam up. It is therefore important 
that the apparatus should work freely and be conveniently 
situated. Being placed at the bottom where it can completely 
drain the boiler, it is of still greater importance that its tight- 
ness can be depended upon when the apparatus is shut, as a 
suiall amount of leakage continued for a length of time might 
involve the overheating of the furnace plates and the destruc- 
tion of the boiler. 

For freedom in working, valves, if properly made, are supe- 
rior to taps even of the best construction, but, as a rule, they 
are not so trustworthy, and therefore should not be employed. 
Valves of nearly eveiy description, whether conical, disc, or 
sluice, have all the same fatal defect, viz., — Pliability to mislead 
when apparently closed. A small chip or piece of incrustation 
getting pn the seat of a conical valve will prevent its closing 
tightly when to all outward appearance it may seem quite shut. 
The accimiulation of deposit at the bottom of the casing under a 
sluice valve may soon render its closing securely impossible, 
and although screwed down hard and fast the valve may still 
be slightly open. By nsing care, and counting the number of 
turns given to the ftpindle in opening and shutting, and mark- 
ing the exact point the handle should return to when closed, it 
may be ascertained whether the valve be closed or not. But 
it is just the exercise of this care that cannot be reckoned upon, 
and tjie absence of which renders the enaploymeut of valves in 
critical situations so dangerous. 

The duty of filling the boiler and lighting the fire after 
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cleaning, often devolves upon some other than the regular 
attendant, who, after screwing down the valve concludes all 
is right and tight, and seeing plenty of water in the gauge 
leaves the boiler to itself for an hour or two. The valve 
after all may have been prevented from closing properly by 
some obstruction on the seat. The result follows that the 
water escapes unperceived through the valve, the furoace 
plates become drained and overheated, and if there be any 
steam in the boiler the flues collapse or the shell is rent. Such 
cases have frequently happened. From the quiet manner in 
which the water escapes when there is no pressure in the 
boiler, its loss is then more likely to happen unperceived than 
when the boiler is at work, as the hot water in escaping under 
pressure usually makes some audible or visible sign. 

The valve that is least likely to cause deception in not closing 
tightly is a kind of butterfly valve with triangular openings, 
where the flat disc forming the valve-lid revolves on the valve 
face which it is prevented from leaving by a guard, which, how- 
ever, requires adjusting as the faces wear. These valves work 
very freely and are perhaps as reliable as some gland taps. 

With a tap in good order there can be no deception as to 
whether it is closed or not when turned ofif, and so far as trust- 
worthiness is concerned, they are better adapted for blow-out 
apparatus when properly constructed, than any kind of valve. 

The principal drawback to taps of all kinds is the manner in 
which they stick fast from becoming corroded or incmsted 
together when not used frequently, or from the quicker expan- 
sion of the plug compared with the shell on being turned on. 
The remedy for the first evil or defect is obvious, and the 
best means for remedying the second is to work the plug 
gently backwards and forwards until the shell is heated through, 
when the tap may be fully opened and shut again immediately, 
with comparative ease. This is better and safer than suddenly 
turning the tap full on with the aid of a dangerously long lever, 
and waiting until the shell is heated sufficiently to turn it off 
again. The tendency to stick fast is greatly aggravated when 
the casing is made of cast iron and the plug of brass, a practice 
which should be altogether condemned, since it has been pro* 
ductive of serious inconvenience and even disaster. It is 
seldom that the taps about boilers are found sufficiently hard to 
wear well, being made of red brass instead of gun metal, for 
the sake of being more easily fitted up and refitted, and also, of 
oourse, to save first cost. When two metals of the same 
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nature are pressed together with considerable force and allowed 
to remain in contact for some time, they are apt to cohere or 
^' seize." This tendency is increased by making the metals 
soft, and is one cause of the sticking fast of taps. It may, in 
some measure, be obviated by making the plug and shell of 
slightly different alloys, the former being the softer as it is 
more eatdly replaced when worn out. As a rule, blow-out taps 
are made too short or have too little bearing surface to last 
long without regrinding, and the universal practice of turning 
the taps one quarter round for opening, and then back again 
for closing, causes uneven wear and leakage. Every time the 
tap is opened, it should be shut by giving it another quarter 
revolution in the same direction ; by this means the tap wears 
more evenly and lasts longer without regrinding. 

There is a great difference of opinion respecting the best 
taper for large taps, some advocate 1 in 4, others 1 in 6. The 
former sometimes cannot be kept tight, and the latter are liable 
to stick fast if screwed down sufficiently to prevent leakage. 
The circumstances to be considered in determining the taper in 
any case, are .the steam pressure used, the hardness of the metal, 
frequency of lubrication, and nature of the lubricant and water 
employed. For pressures of 20 or 30 lbs. a taper of 1 in 4 is 
found to work well, but for pressures of 90 or 100 lbs. a taper 
of 1 in 6 is necessary to insure tightness. 

In the common plug tap the nut securing the plug is liable 
to work loose and drop off without being observed, as the tap 
is usually placed in a position difficult of access and examina- 
tion. Serious cases of scalding have been occasioned by the 
blowing out of the plug from this defect. For facility of ob- 
servation the tap is best arranged horizontally, and the plug 
shbuld be further secured by a guard to prevent it from being 
blown out in case the nut should drop off from the thread strip- 
ping, or other cause. Such an occurrence could, however, be 
prevented by simply putting in a pin through the bolt behind 
the nut. 

In order to avoid the risk of the plug blowing out, as well 
as to conceal, but not cure, the leakage which takes place when 
the tap requires regrinding, packed gland taps with a closed 
bottom are used by many of the best makers, and to obviate 
the stiffness produced by the friction of the packing against a 
large surface, compound gland taps are sometimes used, but 
with questionable success. It is still an open question whethei 
the best description of gland tap is better than the old-fashioned 
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plug tap provided with a guard for the plug. Many oases haye 
occurred of the water leakiug to a daugeroas extent past the 
plug in a gland tap without being detected in time, an event 
much less likely to occur with the simpler description of tap. 
In using gland taps with brackish or other very hard water, the 
plug is sometimes prevented from being screwed down to its 
seat by an accumulation of incrustation which has taken place 
between the casing and the bottom of the plug. This is likely 
to happen when the gland nuts are eased back to allow the plug 
to rise and ease itself for turning readily, a practice often neces- 
sitated by the faulty construction or defective condition of the 
tap. Such an occurrence could not possibly happen with an 
ordinary open-bottom tap. Inverted plug taps with hollow 
plugs designed to be kept tight against their casing by the in- 
ternal prchBure, and those arranged to discbarge through the 
open plug bottom, cannot be recommended. However well 
such taps, when of small size, may be found to answer in cer- 
tain situations, they are not satisfactory when of large size, and 
are not adapted for using in connection with waste pipes. 

The practice of making the blow-out apparatus of furnace 
tube boilers without waste pipes cannot be too strongly con- 
demned. Too frequently the hot water is discharged into a 
drain only a few inches below the floor line, from which it re- 
bounds, and renders the duty of blowing off a very dangerous 
one ; at the same time, it is advisable that the end of the waste 
pipe should not be placed altogether out of sight, so that any 
leakage which may take place may be detected. 

As the safety of a boiler depends so much upon the condition 
of the blow-out apparatus, the task of blowing out should be 
regularly performed at least once a day by the engineer in 
charge, and should not be left to the fireman. 

In tubular boilers, for facility of access, the blow-out tap 
should be placed clear of the front end, and connected by a 
short elbow pipe with the mouthpiece or branch riveted to the 
boiler bottom. This pipe as well as the cock should be care- 
fully protected from contact with moisture and ashes, which too 
often find their way beneath the floor plates and cause the rapid 
destruction of the pipe, if not properly protected or made of 
copper. Comparatively few externally £u:ed boilers are pro- 
vided with a blow-out apparatus. The common practice is to 
provide nothing further than an iron taper plug which fits into 
a hole in the boiler bottom over the fire, by which the boiler is 
emptied. The plug is usually knocked out, when required, by 
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the rudest means imagiDable, and it frequently happens that 
the person, who is bold enough to do it before the water is cold, 
gets scalded if he is not quick in making his retreat. In some 
cases the plug is more sensibly attached to a spindle passing 
through a stuffing-box on the boiler crown, and provided with 
a screw and handle to raise it with. Means should always be 
provided with this arrangement to guard against the plug and 
spindle being blown out by the pressure, in' case the screw is 
carelessly turned round too far and looses its hold in the nut. 

With plain cylindrical boilers, the blow-out apparatus some- 
times consists of a tap or valve, placed on the boiler crown and 
connected with an internal pipe reaching to within an inch of 
the boiler bottom. This pipe may be made to extend for some 
distance along the boiler to collect the sediment it is required 
to blow out. When the apparatus so arranged is used for 
emptying the boiler, it has the drawback of requiring the 
emptying to be effected with the steam up, a practice especially 
dangerous with externally fired boilers encased in much brick- 
work. The blow-out is otherwise arranged by carrying an ex- 
ternal elbow pipe from the boiler bottom through the brickwork 
at the side, or back end of the boiler, terminating in a tap or 
valve. For the purpose of protecting the pipe from the im- 
pingement of the heated gases it is loosely encased in brickwork. 
With this arrangement it is necessary to blow out very fre- 
quently when the feed water is of a hard or muddy nature, to 
prevent the deposit filling the blow-out pipe and becoming 
baked hard. 

Remarks on surface blow-out apparatus will be found in the 
chapter on Incrustation. 

■ 

MANHOLE COVfiBS. 

There is perhaps no better proof of the ignorance or reck- 
lessnoHS that may be displayed by makers of reputation, than 
the number of boilers turned out by them with unguarded man- 
holtis. The too common practice of cutting a piece of plate 
about 15 X 12 inches out of a boiler shell without providing 
any strengthening piece to the edge of the hole, where the ten- 
sion on the plate is concentrated and where it is liable to be 
further weakened by wasting, cannot be too severely censured, 
and has already led to numerous fatal explosions. The plate, 
at the edge of the hole, in such cases, has to bear, not only the 
strain from the steam pressure which holds the cover up to its 
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work, but also what is often much more trying, viz , the strains 
put upon it by screwing up the cover, often weak and defective 
in shape, to make a tight joint, by means of the bolts suspended 
from the bridge bars or cross piece usually employed. When 
the joint leaks from want of stiffness in the plate itself or in 
the cover, or from bad fitting, or from the presence of a piece of 
interposed scale or hard substance in the cement or India rubber, 
the cover is perseveringly screwed up, and it becomes merely a 
question of time, and power available for acrewiog up, for the 
plate to become buckled and fractured at the edge of the hole at 
right angles to the cross piece, which unfortunately is usually in 
the position most likely to prove fatal to the existence of the 
boiler. In boilers at work the edges of these unstrengthened 
manholes are sometimes found split in four or five places, any 
of which fractures are ready with a little overpressure in the 
boiler, or with a little additional wasting, to develop into the 
primary rent of an explosion. In rag-boilers these unguarded 
manholes are sometimes as large as 36'' x 24^'. 

The edge of the plate can be cheaply and adequately strength- 
ened by riveting on a ring of wrought iron. These rings are, 
however, too often so paltry, and applied in such an iguoraiit 
manner^ that their application tends rather to aggravate than 
lessen the evil they are supposed to obviate. The ring should 
be at least f thick and 4 inches wide, so that the rivet holes 
at 3 inches centres, and not 6 or 7 as is usual, may be kept 
well away from the edge of the hole. These internal covers made 
to fit the curvature of the shell are an unmechanical job at the 
best, and a tight joint can never be depended upon with them. 

It is far better, in all cases, to have a flat face on which to 
make a good joint with the lid, which should be secured by 
strong studs or bolts and nuts. This can be contrived in 
various fashions, either as a oast-iron branch or mouth-pi^ce, or 
where lightness is aimed at, of wrought iron, or as a 'simple 
stout ring when the size and construction of the boiler make it 
difficult to enter. The longer the neck of the mouth-piece the 
laiger should be its diameter. If it be more convenient to 
have the cover internal as for the mud holes at the front end of 
donble-fumace-tube boilers, it can still be made with a faced 
joint, and held up by means of a bridge bar and bolts and nuts* 

MUD HOLES. 

Mud holes should always be provided at the front end of 
double-flued boilers, as their absence necessitates lifting the dirt 
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from the boiler bottom up through the manhole, which increases 
the labour and greatly interferes with the effective cleaning of 
the boiler. Moreover, the want of yentilation through the 
boiler from the absence of a bottom opening keeps the interior 
for a long time damp, and increases the difficulty of examina- 
tion. The work of cleaning out Oomish boilers, especially 
when there are strengthening hoops round the tube, is very 
difficult and tedious, and may be much facilitated by having a 
mud hole at the front end. This, however, requires a special 
provision, owing to the limited amount of space at the bottom 
of these boilers, between the tube and shell. This provision 
can be well enough arranged, without materially weakening the 
shell of the boiler, which is the objection usually urged against 
the adoption of this plan. 

In boilers, where the construction does not admit of any one 
entering for the purpose of cleaning and examination, a num- 
ber of mud holes and wash-out plugs should be provided where 
they are most likely to be required, as, for instance, in agri- 
cultural and locomotive boilers, at the firebox shell corners 
and ends above the foundation ring, and also at the front and 
sides, to command a range over the crown of the inside fire- 
box. These holes at the sides could often with advantage and 
safety be made much larger than is usual, to enable a man to 
get his arm in to clear away the deposit which resists being dis- 
placed by a jet of water from the hose pipe. For clearing out the 
barrel of these boilers wash-out plugs should be screwed into the 
smokebox tube plate, where there is not room for mud hole doors. 

Mud holes are sometimes made in the firebox bottom ring. 
These admit of a rod being pushed up among the stays, to 
remove the concretion lodging on them ; but as they are trouble- 
some to keep tight, they are seldom repeated in new boilers. 

In many locomotive boilers, manholes are wisely fitted to 
the bottom of the barrel, which afford considerable facilities for 
examining and cleaning the plates and tubes in their vicinity. 
The manhole mouthpieces are often made of good depth, and 
serve as mud collectors, when a cock should also be provided in 
the cover for frequent blowing-off. 

The practice of simply screwing a taper wash-out pldg into 
firebox shell plates, which seldom exceed i^ inch in thickness, 
although convenient and cheap, cannot be recommended, as the 
scanty thread aUowed becomes rapidly destroyed by the iron 
rods introduced for removing the concretions, and the edges of 
the plates round the holes become rapidly reduced by corrosion. 
Welding on bosses or riveting on pieces of plate, or flanged 
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bosses fi)r increasing the number of threads, does not get over 
the disadvantage of having the threads inside the hole, and 
to obviate this it is better, in nearly all cases, to apply a 
mouth-piece of brass or wrought iron, having an outside 
thread and cap. For the small mud holes or hand holes at the 
firebox water spaces of agricultural and locomotive boilers, 
perhaps the most convenient form of cover is the common in- 
ternal lid, held up to its seat by a bow and stud. The edge 
of the plate round these holes is, however, liable to waste by 
corrosion, when the joint is not tight. By riveting a | or 
^ inch ring round these holes, a good joint can be ensured by 
securing an external cover by 3 or 4 studs, which can be 
easily arranged so as not to give trouble by being liable to 
get bent, or by interfering with the cleaning. 

In vertical boilers of the small class there should be a hand 
hole opposite every water tube, as well as a few for the furnace 
crown and at the bottom of the water space. 

STEAM DOMES AND STEAM CHAMBERS. 

Notwithstanding the general opinion that the presence of a 
steam dome is essential for obtaining dry steam, and as a 
remedy for priming, it should be regarded as an useless and 
expensive appendage to a boiler, and as frequently applied, a 
source of real danger. The practice of cutting a dome hole 
3 feet or even 3 feet 6 inches diameter in a 7 feet stationary 
boiler, or a 2 feet hole in a 4 feet locomotive boiler shell, with- 
out providing against the weakening of the plate involved any- 
thing further than the dome plate itself and its angle iron or 
flange, cannot but be regarded as barbarous. In many cases 
the size of the dome and its hole is limited by the width of 
the shell plate, the whole of which, except some 5 or 6 
inches at each end for the lap and dome attachment, is cut 
away. Many instances may be met with in shells having the 
plates arranged in parallel courses, where the weakened plate is 
prevented from giving way solely by the support due to the ad- 
joining plates overlapping it on the outside ; were the dome on 
the outer instead of in the inner belting of plates, the weakened 
plate would inevitably yield to the pressure. 

Where the steam user must have a dome, there is no neces- 
sity for cutting away the plate more than sufficiently to allow a 
man to pass through ; and when the margin of safety is small, 

the edge of the plate round the hole should be adequately 
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streDgthened by having a Btoiit wrought iron ring riveted to 
it. Tet it must be admitted that the tendency to prime is in- 
creased as the area of the hole is diminished. 

The supposed advantages of a dome are two in number, 
viz. : 1. By increasing the steam space, it is supposed to act as 
a useful reservoir of steam, to meet any sudden demand arising 
out of irregular loads on the engine. 2. It is supposed to act 
advantageously as an anti-primer, since the steam, being further 
removed from the water, is supposed to be less liable to be 
saturated, especially when the dome contains a perforated diaph- 
ragm for arresting the passage of the suspended particles of water. 

Now, with regard to the first of these statements, it can be 
easily shown that an ordinary-sized dome adds comparatively 
little to the steam room of a boiler. If we take, for example, 
a Lancashire boiler 7 feet by 30 feet, the steam space will be 
about 240 cubic feet. With a dome 3 feet by 3 feet high, we 
would have about 21 cubic feet capacity, which is less than 9 
per cent, of additional space, and this would be exhausted by 
a few strokes of the engine. But the reservoir of power in a 
boiler resides not so much in the steam as in the heated 
water. With a working pressure of 60 lbs, each cubic foot of 
steam in the boiler will produce only 4*65 cubic feet of 
steam at atmospheric pressure, but 1 cubic foot of water 
in the boiler will produce nearly 35 times that amount, 
for at 60 lbs. pressure the temperature of the water is 307 '5°, 
or 95 *5^ above the boiling point at atmospheric pressure, and, 
as every degree of heat added to water already at 212° may 
be taken as competent to generate 1*7 cubic feet of steam, 
95*5° will produce 162*35 cubic feet, or nearly 35 times as 
much as 1 cubic foot of steam at 60 lbs. pressure. Whence it 
may be concluded that in ordinary boilers the addition to the 
power by the reserve of steam in a dome is insignificant when 
compared with the power stored up in the water. With 
respect to the second alleged advantage, it appears to be taken 
for granted that the higher the point at which the steam is 
taken from the boiler and consequently more distant from 
the agitated surface of the water, the drier is it likely to 
be. Now, without considering the cooling effect on the steam 
by the circumference of a large dome exposed to the atmos- 
phere, this would be a correct conclusion if the steam flowed 
slowly and quietly into the dome. - But this is not the case 
with the engine at work, when the steam rushes into and 
through the dome with great velocity, and is liable to take 
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a quantity of water along with it, cauBing tb^ steam in the dome 
to be actually wetter instead of drier than the steam in the rest 
of the upper portion of the boiler. 

Priming is promoted, if not actually caused, by the reduction 
of pressure, and consequent increased ebullition of the water 
immediately below that point of the boiler whence the steam 
is drawn, which disposes, the water in the form of spray, to be 
carried along with the ascending current of steam. Not only 
is the water thus carried into the steam pipe, but also any par- 
ticles of earthy and other foreign matters that may happen to 
be at the broken surface of the water. In boilers fed with 
dirty water from canals and drains, the inside of the dome 
sometimes becomes plastered with mud and day, several inches 
thick, whilst the rest of the steam space remains quite clean. 

Priming is also probably due in some measure to the flow 
of steam over the surface to the point of efflux, carrying par- 
ticles of water along with it by the induced current it produces. 

The various anti-priming -expedients usually employed, such 
as the insertion of perforated diaphragm plates in the dome, 
and baffle plates for beating back the asceuding particles of 
water are seldom effective, unless the system is elaborately 
carried out. The simplest and at the same time the most 
effective way to prevent priming is to avoid, as far as possible, 
causing any violent local ebullition or rapid current in drawing 
off the steam, which may be done by employing an internal 
perforated pipe, with the ends closed and fixed near the top of 
the boiler, into which the steam can flow quietly. The longer 
this pipe is made the better. In ordinary stationary boilers, a 
pipe 6 or 8 feet iu length, with perforations, having a total 
area considerably in excess of the area of the pipe, is found 
to be all that is required as an anti-priming apparatus. The 
larger the collective area of the perforations, as compared with 
the area of the pipe, the more quietly will the steam flow 
through them, and when once within the pipe and separated 
from the water, the velocity of the steam can have no effect in 
producing priming. 

Sometimes the success of this pipe is frustrated by carelessly 
leaving a large open space between it and the pipe leading the 
steam away from the boiler, through which a rush of steam 
takes place, and the action that causes priming is induced. 
The tendency of the perforations to choke up when certain 
kinds of dirty water are used has been alleged, in a few rare 
iuHtances, as the cause that has led to the abandouinent of the 
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pipes. They are successfally used on some railways in loco- 
motive boilers, having very limited steam spaces. When used 
in locomotives the perforations should not be carried too near 
the ends of the boiler, lest the water splashing back from the 
ends should gain admission to the pipe. 

The tendency to prime may be increased by urging the fire, 
or by drawing the steam from a point oyer the furnace or where 
the ebullition is violent ; by the presence of grease and other 
matters which impede the free escape of the steam from the 
water surface, or by the immoderate use of soda which causes the 
water to foam. New boilers and especially new locomotives 
prime most in consequence of the violent ebullition that takes 
place over the clean heating surface, and also, sometimes in 
conseqnence of the greasy and dirty state of the interior. 

All the phenomena in connection with priming, have not 
yet been satisfactorily explained. Melted tallow or oil is 
sometimes injected into small vertical boilers to prevent priming. 
It is supposed to have the same effect on the disturbed surface 
of the water that oil has when poured on a rough sea, so well 
known. And yet it cannot be disputed that the presence of 
grease in combination with other impurities increases the ten- 
dency of many boilers to prime. 

When domes are used, the opening at the dome bottom 
should be made as large as possible, in order to diminish the 
tendency to prime. But in order to maintain the strength of 
the shell, where a large hole is made in it, the plates round the 
dome bottom will require to be adequately strengthened by 
means of a Btout ring riveted round the edge of the hole, or 
else by strong internal transverse stays suitably arranged fore 
and aft of the dome. Sometimes the dome itself is strengthened 
by shrinking on a strong wrought iron ring near the bottom. 

It is sometimes asserted in favour of the use of domes for 
locomotives, that they form a convenient seat for the safety 
valves, but when these are blowing off violently, they greatly 
increase the disposition to prime. 



FURNACE FITTINGS. 

The furnace is usually comprised of mouthpiece with doors 
and bed-plate, fire bars, bridge, and ash pit, with or without 
doors and dampers. In addition to these, some arrangements 
'^f furnace have special provisions for smoke burning and pre- 
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▼ention, cleaning out flaes and fires, removal of clinkers, 
ashes, <bc. 

In externally fired boilers, the furnace is necessarily made quite 
distinct from the boiler. The circumstances which determine 
the best height for the boiler above the fire bars will be con- 
sidered in the chapter on Firing. 

By increasing the distance between the fire and the boiler, 
the perfect combustion of the gases will be facilitated, and the 
temperature of the plates will be reduced. The entering cold 
air will also be more diffused and not so likely to be directed 
ji^ainst the hot shell to cause sudden contraction. 

The arrangement of the furnace mouthpiece will depend 
mainly upon the arrangement of the fiues, as the brickwork at 
the front end requires supporting by an arch or other means, 
when there is a wheel draught or split draught, and only a plain 
wall in front of the boiler is required when a flash flue is used. 
With respect to the best position for the fire door, which should 
be hinged to open sideways, and be made double in number if 
the grate is very wide, it should be arranged with a view to pre- 
vent as much as possible the impingement of the entering cold 
air against the hot shell plates when the door is thrown open, 
and it should be sufficiently wide to enable the fireman to dis- 
tribute the coals properly over the grate. It should be kept 
from 12 to 18 inches from the fire to prevent destruction by 
the high temperature of the furnace. The durability may be 
increased and the radiation of heat impeded, by fitting a baffle 
plate of wrought iron to the door with an air space of 2 or 
3 inches between. A casing or lining of brickwork is some- 
times used behind the door for this purpose. These doors are 
often made excessively high for small boilers, about 12^' is 
generaUy sufficient unless the grate is very long. 

The common practice of applying a large casting for a furnace 
mouthpiece to the front end of an internally fired boiler must be 
discountenanced. The castings are not only cumbersome, 
costly, and liable to fracture sooner or later, but they conceal 
the ring of rivets attaching the tubes to the end plate, which 
are best left exposed to view for the detection of leakages 
and fractures. The best plan is to make the mouthpiece 
simply of two wrought iron plates with an air space between. 
The outer plate, to which the door is attached, may be fitted to 
the tube hole in the boiler front end plate, and the joint 
covered with a brass moulding. This arrangement allows the 
rivet heads to be exposed to view, and imparts a neat appear* 
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ance to the furnace. The plan of building up the front end of 
the bqiler with a mass of brickwork to prevent radiation should 
never be employed, since it is liable to harbour moisture in 
contact with the front end plate. Another great evil att'Onding 
this plan is the concealment of any outward bulging that may 
occur in the event of the failure or original want of strength in 
the staying. Many a boiler has been saved from bursting by 
the timely warning given of weakness by the bulging of the end 
plate, and any plan which interferes with the detection of 
this should be employed with extreme caution. When, it is 
desired to prevent loss of heat by radiation from the front end, a 
coating of good non-conducting composition may be applied in a 
suitable frame, which can be arranged to leave a space between 
the plates and the non-conducting material, to admit of easy 
removal, and so as not to cover any of the rivet heads, except 
those of the btays. 

The doors should be provided with a sliding or revolving 
grid for admitting air above the fire, the baffle plate being per- 
forated to aid its distribution. A host of inventions for making 
the opening and closing of the slide self-acting have boen 
patented. As a rule, it may be said that these self-acting appa- 
ratus are allowed to fall into disuse after a short trial, as most 
of them soon get out of order and require a good deal of keep- 
ing up. 

The dead plate, often perforated with advantage to admit air, 
can be secured to the furnace mouthpiece, and arranged to rest 
on the furnace sides, so as to dispense with brackets secured by 
bolts to the plates which are liable to leak, and in consequence 
should always be as few as possible. 

The fire bars are usually made of cast iron. The numerous 
shapes in which bars are made have been adopted mainly with 
a view to increase their durability, according to the experience or 
theoretical notions of their designers. For easy handling, the 
bars should not much exceed three feet in length. In order to 
facilitate the access of air, the fall of the ashes and clinkers, 
and the cleaning of the fire from below, the bars should be 
made thinner at the bottom than at the top ; but in order to 
maintain the same windage or space between the bars when they 
become worn, they should be made parallel for about f of an inch 
at the top, and then tapered downwards. It may be questioned 
whether any description of fire bar has given better results in the 
long iTin than the ordinary short cast iron bar f -inch thick at top 
and l^-inch at bottom and 3 inches deep in middle, where it ia 
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provided with a distance piece of the same width as at the ends 
to prevent twisting. The rapid deterioration by twisting, 
bending, or fusion sometimes experienced, is due to overheat- 
ing, which may be caused either by a single bar here and there 
being, from some cause or other, raised above the general level 
of the grate, or by the air space being too wide, either originally 
or by lateral bending of the bars, caused by want of sufficient 
room to expand or other defect, which allows the red hot fuel 
or clinkers to get between. So long as the cold air comes in 
contact with the whole depth, the bar will only waste away on 
its upper surface, and that but slowly, unless the fuel like 
anthracite, burns with a very intense local heat. The air space 
Udually allowed and found to answer best with good semi- 
bituminous coal is -^^ or ^-inch. This space may, however, be 
diminished with advantage when there is a • good draught, 
abundant boiler power, and the coal is clean. In burning 
anthradtic coal which decrepitates and falls through the bars, 
or where the ooal yields much cUuker, which adheres to the 
bars and gets between them, the windage might be kept smaller 
if the nature of the coal in the one case did not demand a con- 
siderable air space to insure a good draught for its combustion, 
and in the other case to provide for its becoming partially 
choked up. With coal that cakes much, or yields a large 
quantity of ash, the air spaces may with advantage be made 
i", or in some cases even more. 

With a view to facilitate removal and replacing, and to 
obviate the inconvenience and loss arising out of the single bars 
becoming lifted from their seats, and at the same time to 
increase the lateral stiffness, the bars are often cast together in 
sets of two or more, with end and intermediate distance-pieces 
between them to prevent twisting, which provisions should 
indeed be made in all cases. There should always be a liberal 
allowance at both ends for the bars to expand freely. The play 
to be allowed may be taken as 1 in 24. The pkm sometimes 
adopted of tapering off the end of the bars and resting them on 
an inclined seating for the purpose of facilitating expansion 
cannot be recommended, as it leads to a difficulty in keeping 
the level of the grate uniform, the bars becoming overheated in 
consequence. 

It has been observed that after repeated heating and cooling 
cast iron becomes permanently elongated. According to M. 
Brix a fire bar after seventeen days heating preserved a permanent 
elongation of 2 per cent. ; another bar of the same dimeu- 
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sionSy after longer usage, was permanently elongated 3 per 
cent. 

It is a common practice to incline the grates downwards to- 
wards the back end. Ko doubt this arrangement facilitates the 
pushing back of the fuel, and is useful in burning coal which 
produces much flame, but it makes it more difficult to ascertain the 
distribution of the fire at the back end, especially in a long grate. 

In order to prevent active combustion in contact with the 
furnace plates of tabular boilers, likely to be followed by a 
current of cold air impinging on the heated part, the side bars 
are sometimes judiciously arranged to bear against the plates. 
A similar arrangement might be with advantage adopted in 
small vertical boilers, where the furnace plates are sometimes 
burnt by the bottom of the water spaces becoming choked with 
an accumulation of deposit. 

With respect to the relative durability of cast-iron and 
wrought-iron fire bars it may be remarked that the point of 
fusion of the latter is considerably higher than that of the 
former, but wrought*iron bars bend and twist much sooner than 
bars of cast iron. For locomotives and agricultural boilers*, where 
the fire bars are subject to rough usage, wrought iron bars, being 
less easily broken, are generally preferable to those of cast iron. 

When the coals used are of a caking nature and adhere to the 
bars, or cause trouble by the quantity of scorise they yield, 
various arrangements for giving the bars a rocking motion for 
breaking the fire and detaching the clinkers have been invented. 
Some of these have been used with advantage, but the trouble 
and expense of keeping them in repair appear to have operated 
against their coming into more general use. 

With the view of increasing their durability, the bars are often 
made hollow to allow a current of cold aix or water to pass 
through. The air and water by becoming heated also adds to 
the efficiency of the furnace. The advantage of these expedi- 
ents is, however, quebtionable, in consequence of the extra first 
cost involved and the expense and trouble of keeping them in 
good order. 

The bridge is a low vertical wall or partition at the back of 
the grate, and forms a back end to the furnace. It is usually 
made of fire brick or cast iron surmounted by fire brick. The 
bridge is sometimes hollow, perforated, or split to admit air 
behind the fumaoe for burning the gases. Sometimes, however, 
the bridge is a wrougbt-iron water space communicating with 
the inside of the boiler. When water bridges are used care 
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should be taken that the ends incline or carve upwards to 
fHcditate the escape of the steam babbles as they are formed on 
the inner surface. 

The bridge acts usefully in bringing the flame in contact 
with the heating surface, and by retarding the escape of the 
gases into the flues promotes their admixture with the air. 
The space above the bridge is often, however, made too cramped 
with these ends in view. The narrower the space the greater 
must be the force of the draught to draw the gases through. 
The heightening of the bridge may, in consequence, be 
attended with an increased waste of fuel, as the gases are likely 
to escape at a higher temperature into the chimney. More- 
over, the extent of the heating surface which receives the 
radiant heat from the fire is diminished by heightening the 
bridge, and the action of the higher temperature and more 
forcible impingement of the flame and air against the furnace 
plates is liable to be destructive, especially when sedimentary or 
greasy feed-water is used, or a seam of rivets happens to be near 
the bridge. The best height to make the bridge, in any case, 
can only be determined by actual trial, as it will depend upon 
the size of grate, strength of draught, character of fuel, thickness 
of fire, and relative quantity of air admitted through the bars 
and above the fire, or behind the bridge itself. The passage 
above the bridge, as an approximate rule, may be made one- 
sixth the area of the fire grate. By lowering the bridge the 
flame will not be cooled so suddenly by contact with the plates, 
and may be made to pass further along the flue with a diminished 
draught, whereby the prevention of smoke will be facilitated, 
the evaporative efficiency increased, and a saving of fuel 
effected. In many cases a reduction of two or three inches in 
the height and an improvement in the shape of the bridge, 
whereby it is better adapted to the shape of the furnace, have 
had a very marked effect in reducing the consumption of fuel, 
preventing smoke, increasing the evaporation, and in diminishing 
the wear and tear of the boiler. 

Hanging or inverted bridges are often used. These are placed 
some two or three feet behind the ordinary bridge, behind which 
air is admitted to the gases. The space between the bridges 
then forms a suitable flame chamber for aiding the perfect com- 
bustion of the hydrocarbons, and the use of hanging bridges in 
this manner has been attended with very satisfactory results ; 
but the difficulty of keeping them in repair has usually led to 
their abandonment after a short trial. 
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Underneath externally fired boilers ivith deep flash fines, two 
or three additional bridges are often arranged at regular dis- 
tances between the furnace bridge and the back end of the flue 
for the purpose of keeping the gases in contact with the boiler as 
they pass along. 

BOILEB SETTING. 

Boilers should be set with as little brickwork in contact with 
the shell as practicable, particularly at and near the bottom 
where any water or moisture is liabliB to lodge against the plates. 
All the flues should be faced with fire bricks, and fire lumpB or 
blocks, but not bricks, should be used for the seating. No 
mortar should be URed where it can come in contact with the 
plates, but fire clay should be used instead for the whole setting 
of the boiler. The flues should bo sufficiently large to admit of 
being properly cleaned and to enable periodical external exami- 
nations to be made with facility and satisfaction. The common 
practice of cramping the flues arises out of the desire to improve 
the efficiency of the boiler by keeping the gases in contact with 
the plates. But the slight waste of heat that may result from 
the use of moderately wide flues is far outweighed by the greater 
security obtained from the better examination they invite. The 
fact is too often lost sight of that the difficulty of cleaning the 
plates caused by the narrowness of flues usually results in the 
plates becoming covered with a permanent coating of soot and 
other non-conducting substances, which renders them useless as 
heating surface, and consequently the narrowing of the flues 
defeats its own intended end. 

Plain cylindrical or egg-ended boilers, when made with wheel 
draught or split draught, are supported on side walls which 
should not exceed three inches in width at the surface on which 
the boiler rests. There is, however, no advantage gained in 
evaporative eflectby making the flues of long and moderately long 
egg-ended boilers for wheel draught or split draught ; but there 
is a decided disadvantage in the increased difficulty of cleaning 
and examining these arrangements of flues involve. These 
boilers are best set with flash flues, the gases passing straight 
from the bridge along the boiler bottom and sides to the 
chimney. This arrangement dispenses with all brick-work 
seating underneath the boiler, which is sometimes supported 
on cast iron brackets protected on their fronts by fire brick, but 
far more usually by brackets riveted to the sides and resting 
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upon the masonry. Boilers of great length — 50 feet and 
upwards — are often suspended from transverse cast iron arches 
resting on the masonry at the sides and placed from 12 feet 
to 16 feet apart. The boiler is connected to each bearer by 
means of three bolts secured to angle or T irons riveted to the 
shell crown, and secured to the casting by nuts, by which the 
weight of the boiler can be adjusted. There should also be a 
strut of J iron across the inside of the boiler, under each bearer, 
to resist the tendency of the shell to assume an oval shape from 
the weight of the lower portion of the boiler and the water 
acting against the upward direction of the force exerted by the 
suspension bolts. 

Since the weight on each bearer must vary considerably with 
the arching of the shell, due to the greater expansion or con- 
traction of the bottom compared with the top, long boilers are 
liable to be strained and break their backs when suspended from 
the end attachments only, or the bottom is liable to become 
buckled together when suspended only from the middle bearers. 

For remarks on the brickwork and setting of internally fired 
boilers, see chapter on Wear and Tear, p. 200. 

With Cornish, Lancashire, and other similar boilers of mode- 
rate length, in order to promote the circulation, and heat the 
dead feed-water at the bottom, the flues should be arranged to 
conduct the gases forward underneath the shell bottom on 
leaving the flue tubes, the draught being split at the front to 
pass backward along each side' to the chimney. Each side flue 
may be made with an independent damper, or one damper may 
be made to serve by uniting the side flues behind the down take 
at the back. But when the boiler is very short compared with 
the length of grate and there is a strong draught, it is advisable 
not to expose the shell bottom to a very high temperature by 
taking the gases along the bottom before passing through the 
side flues. 



CHAPTER VIII. 

INCRUSTATION. 

0ns of the greatest, and at the same time one of the most 
frequent difficulties steam users have to contend with is the 
formation of deposit and incrustation, or, as it is also called, 
scurf, scale, or fur, in their boilers. 

Where the scale does not acquire a greater thickness than 
about -^ inch on that part of the boiler where the circulation 
is most defective, and not more than that of an egg-shell, where 
the circulation is most active, it may in most cases be regarded 
rather as an advantage than otherwise, forming, as it generally 
does a coating to protect the boiler against the corrosive action of 
the water. But when it becomes thick enough to threaten the 
closing up of the water spaces, or when it gathers in consider- 
able quantities on the plates and tubes exposed to a great heat, 
the incrustation becomes a source, not only of annoyance and 
wasteful expenditure of fuel, but also of actual danger from 
explosion, and tends greatly to shorten the life of the boiler, 
even where no actual danger exists. The heat from the 
furnace not being carried off rapidly, as it otherwise would be 
by the fresh portions of water that are brought to it by the 
circulation, since its transmission is resisted by the thick 
coating of scurf, which is always a bad conductor, the plates 
become overheated, often to such an extent that they may in 
course of time become burnt througL The overheating due 
to the presence of incrustation may become dangerous, long 
before the plates suffer much from burning, especially in the 
case of large furnace tubes, where the softening leads to dis* 
tortion which is soon followed by collapse and disaster. 

The formation of incrustation, when it gives rise to slight 
overheating, must add materially to unequal expansion, which 
is found to be one of the principal sources of wear and tear 
''^ ^ boiler. 
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lucnistation also leads indirectly to OTerheating by closing 
up the apertures of the feed-pipe, especially when the water is 
admitted through small holes. 

When of considerable thickness, and very hard and difficult 
to remove, incrustation interferes greatly with the examination 
of a boiler, and renders it no easy matter to ascertain with 
any degree of certainty the condition of the plates concealed 
from view. No doubt there are certain well-known marks of 
colour and configuration accompanying some kinds of incrusta- 
tion which indicate with a considerable degree of certainty the 
defective condition of the underlying plates and rivet heads, 
but these indications are by no means infallible. Their presence 
often causes groundless suspicion and anxiety, and their 
absence may lead to a sense of security and consequent neglect 
likely to be productive of serious damage. 

To such a degree does the accumulation of scurf interfere 
with the efficiency and safety of some descriptions of multitu- 
bular and water-tube boilers that their employment in many 
cases has to be abandoned. Indeed, the nature of the feed 
water available is too often lost sight of in making selection 
from different classes of boilers. It should always be under- 
stood, that when very bad or hard feed water is to be used, 
the boiler should be chosen for accessibility to all its interior 
parts, as upon this circumstance greatly depends its future 
economical and safe working. 

Most waters used for stationary and locomotive boilers contain 
solid matters in solution which become precipitated by elevation 
of temperature, or are left behind by evaporation. On the 
matters ceasing to remain in solution, the first effect will be 
their deposition, and imless blown out sooner or later, the 
deposit becomes hardened, and forms incrustation. The 
quantity of matters held in solution are commonly from 20 to 
40 grains per gallon, and in some few cases reach as much as 
200 grains per gallon. But a much less quantity than the last 
is sufficient to cause serious inconvenience when present in 
boiler feed water. This may be easily shown as follows : — 
Taking the moderate quantity of 20 grains of mineral per gallon, 
of indifferent solubility, we shall have the considerable quantity 
of upwards of ^ cwt. left by the water boiled away in a week of 
60 hours, at the rate of 350 gallons evaporated per hour — not a 
very unusual quantity with large stationary boilers. Taking 
the specific gravity of the • incrustation formed as 3, one-half 
cwt. will be sufficient to cover 260 square feet of plate with 
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a thickness of '0144 inch. This would amount to -^^ iuch m 
three months, if allowed to accumulate. 

With the customary want of attention to blowing out and 
cleaning, we can from this readily conceive the excessive thickness 
of incrustation that may accumulate over the whole internal 
surface below the water line in a very small fraction of the 
average life of a steam boiler. 

Besides the substances held in solution many waters hold a 
large amount in shspension, whicl\are left behind by the evapora- 
tion. These principally consist of mud, clay, and other earthy 
matters carried down by rains and running water, or stirred up 
in canals and rivers by the passage of vessels. 

There are but few problems connected with steam engineering 
at which inventors have tried their hands to a greater extent 
than the prevention and removal of boiler incrustations. Of 
late years it is computed that not fewer than 200 patents have 
been taken out, and the number of anti-incrustation nostrums 
tried by confiding or desperate boiler owners is the best 
evidence of the magnitude of the evil they would overcome. 

Before attempting to notice some of the various anti-incrus- 
tation schemes that abound, it is advisable to say a few words 
on the nature of* the troublesome ingredients found in various 
waters. 

The mer^ amount of solid matter in any water is no indica- 
tion of its fitness or otherwise to be used in a steam boiler, as 
this depends almost entirely on the nature of the solid impu- 
rities contained. The presence of 50 grains per gallon of 
deliquescent salts, such for example as carbonate or chloride of 
soda would not be seriously felt with a moderate amount of 
attention to blowing off ; whereas, on the other hand, an equal 
quantity of salts of lime would render the water unfit for use, 
unless an unusual amount of care and attention were bestowed 
on blowing out and cleaning the boiler. Unfortunately the 
presence of the former description of salts is the exception^ 
whilst the latter is the rule. 

The great majority of well, mine, river, stream, canal, and 
town supply waters contain sulphate of lime, bicarbonate of 
lime, and carbonate of magnesia. These, present in widely 
different quantities and along with various other impurities, 
are the principal ingredients in the waters that cause the 
greatest amount of trouble, by forming hard incrustations and 
loose deposits that retard the transmission of heat to the water. 

According to M. Coust^, the following are the approximate 
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weights of different salts which one imperial gallon of water 
(70,000 grains) is capahle.of holding in solution when cold 
(60° Fahr.), and when boiled in the open air : — 

Carbonate of lime 

SiUca 

Sulphate of lime 

Carbonate of magnesia 

Sulphate of potass 

Chloride of sodium 

,9 magnesia 

Nitrate of calcium 
Chloride of calcium 

The order of deposition in the boiler as the water becomes 
concentrated is given thus : — 1st. Carbonate of lime. 2nd. 
Sulphate of lime. 3rd. Salts of iron, as bases or oxides, and 
some of these of magnesia. 4th. The silica or alumina, 
usually with more or less of organic matter. 5. Common 
salt. 

With respect to the salt water used in marine boilers, it is 
found to Tary in density and in the nature of its ingredients 
in various localities throughout the globe. According to Dr. 
Ure, the largest proportion of salt held in solution in the open 
sea is 38 parts in 1000, and the smallest 32. The Bed Sea • 
contains, however, 43 parts in 1000 ; the Baltic, 6*6 ; the 
Black Sea, 21 ; the Arctic Ocean, 28*5 ; the British Channel, 
35 '5 ; and the Mediterranean, 38. Faraday found the average 
specific gravity of sea-water to be 1027, that of pure distiUed 
water being taken at 1000. 

The sea water used in his experiments weighed 64*1416 lb. 
to the cubic foot, and contained of 

oz. 
Chloride of sodium . . . .25-762 
Muriate of magnesia . . • . 3*282 
Sulphate of magnesia . . . 2*212 

Sulphate of lime . . . . 1 *0] 3 



32-269 



besides quantities of other salts too small to be noticed. 

It is generally understood that the carbonate of lime, the 
same substance, chemically speaking, as seleuite, chalk, marble, 
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and limestone, is held in solution, in freak water, by an excess 
of carbonio acid, and that in reality it is present in the state of 
a bicarbonate. By heating the water, the excess of carbonic 
acid is driven off, and the greater part of the carbonate is pre- 
cipitated. Its solubility diminishes as the temperature increases, 
and at boiling point it is scarcely solnble at all. It is for this 
reason that in water, from which the air has been expelled, 
carbonate of lime is found in such small quantities. Carbonate 
of lime has been variously estimated as soluble in from 24,000 
to 16,000 times its volume of water, at ordinary temperature, 
or in the proportion of from 2|- to 4i grains per gallon. Ac- 
cording to M. Coust^, the solubility is nil at about 290" Fahr. 
Sulphate of lime, a substance of the same chemical composi- 
tion as gypsum or plaster of Paris, is next in importance to 
carbonate of lime. Its solubility also varies greatly with the 
temperature. According to Kegnault, its greatest solubility is 
at 95° Fahr., when it dissolves in 393 times its weight of water, 
or in the proportion of 178 grains to the gallon. At 212° it is 
only soluble in 460 times its weight of water, or 152 grains to 
the gallon ; and according to M. Ooustd, like carbonate of lime 
it is completely insoluble at about 290^ It is therefore evident 
that these two salts are precipitated in all kinds of water, merely 
by the elevation of temperature, when the boiler is worked at 
about 60 lbs. pressure. 

In boilers working at low pressure, the sulphate of lime could 
be partially extracted by blowing off, if the water became 
saturated with it at about 230° ; but its solution requires time, 
and the rapid evaporation precipates it more rapidly than it can 
re-dissolve. 

Carbonate of magnesia, or magnesian limestone, is the next 
important impurity in fresh water ; but it usually exists in much 
smaller quantity than the other two salts. In its relation to 
temperature, and in its behaviour in the water, it is similar to 
carbonate of lime. 

On becoming insoluble the lime and other salts remain for a 
time suspended in the water, and tend to deposit themselves 
more or less rapidly, according to the density of the water, the 
manner in which it circulates, and the intensity of the ebullition. 
Over those parts of the heating surface where the water boils 
rapidly, the insoluble salts are held in suspension by the 
agitation until the ebullition subsides, or when the circulation is 
good they are carried away with the currents, until a compara- 
tively quiet part of the boiler is reached, when they are de- 
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posited on the plates or tubes. It frequently happens that the 
feed pipe, itself when the feed is shut off, is one of the quietest 
spots in the boiler, and hence the amount of deposit often found 
in it. But the furriug-up of the feed pipes, whether vertical or 
horizontal, is mainly due to the sudden precipitation of the im- 
purities on being acted upon by the high temperature in the 
boiler. The manner in which the precipitation comes about is 
sometimes very remarkable, especially when the feed water at 
a high temperature enters the boiler nearly at the point of 
saturation. In such cases the Hme salts are deposited as they 
pass through the apertures in the feed pipe, and gather fast and 
thick, on the adjacent plates, or when the feed is distributed 
through a horizontal perforated pipe, the deposit is sometimes 
found projecting for a length of two or three inches from each 
aperture, like a hollow inverted stalactite. In time, the passage 
through the aperture gradually becomes closed up, and the feed 
is consequently prevented from entering. 

It is by many supposed that the plates over the furnaces are 
most liable to become covered with a thick incrustation, as the 
greatest quantity of water is here evaporated. This is, however, 
seldom or never found to be the case unless the circulation is 
very bad, as, for iustance, over the flat stayed crowns of most 
locomotive fireboxes. In plain cyikxdrical and internally fired 
tubular boilers the suspended matters in the water are driveu off 
the plates by the ebullition, and carried to the part of the boiler 
where the circulation is most sluggish — generally the coolest part 
of the boiler — and are there allowed to deposit. When a consider- 
able amount of incrustation is found over the fire in ordinary ex- 
ternally fired boilers, it is usually caused by the detached scale 
which has fallen from the sides of the shell, in pieces too heavy 
to bo carried away by the circulation. The danger of over- 
heating from this cause is one of the principal arguments against 
the practice of having a fierce heat under a boiler-shell, where 
the nature of the incrustation renders it liable to cover the 
furnace plates to any great degree. 

The carrying away of the deposited matter by the ebullition 
and circulation is also retarded by the presence of grease or 
sticky matters in the water, which form a paste with the im- 
pulitieB that often proves too heavy or tenacious for removal by 
the currents in the boiler. 

The sulphate of lime, on depositing, forms an amorphous crust, 
more or less hard, according to the other ingredients in com- 
bination with it, and the heat to which it is exposed. The 
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carboDate of lime and carbonate of magnesia, on the other hand, 
usually deposit as a loose fine powder, forming a white sludge 
with the water. They often solidify in combination with the 
sulphate, forming a hard amorphous crust. Before deposition, 
the light carbonates precipitated are held in suspension near the 
surface of the water, and are frequently carried along with the 
steam and water into the steam-pipes and cylinder. After a few 
months' work, pistons and cylinder covers have been found 
covered with a coating -^^^ thick, or even more, of this fine, im- 
palpable powder. This, it is evident, in time, is liable to cause 
the breakage of the cylinder covers, pistons, or other parts of 
the engine. 

When the deposited carbonate of lime is present in consider- 
able quantity, along with other impurities, it will remain soft 
foi' a length of time, and if not exposed to too high a tempera- 
ture when drying or emptying the boiler, will be converted into 
a fine floury powder, of a light colour. But if the boiler be 
blown out while the plates and brickwork in the flues are at a 
high temperature, the sludge often becomes baked hard ; and 
it is to this circumstance that a great amount of the hard in- 
crustation from both the sulphate and carbonate of lime is due. 

When a boiler fed with water containing salts of lime is blown 
out cold, and the interior is examined before it becomes dry, 
the plates, tubes, and stays may be found covered with a thick 
coating of light-coloured sludgy deposit, that can be removed 
with very little trouble if brushed off or washed out with a hose- 
pipe and jet of water. Should, however, the interior be main- 
tained at a high temperature, by blowing out before the boiler 
and flues are cool, the deposit becomes baked on, and apparently 
there is not so much left for removal where the practice of 
chipping off the scale is not carefully carried out It is for this 
reason, namely, the excuse of having little easily removable 
deposit to deal with, that many boiler attendants prefer allow- 
ing the scale to bake hard and fast on. It must be admitted 
that in many tubular boilers the task of sweeping or washing 
out the loose deposit is a very unpleasant one, and likely to be 
shirked by the majority of boiler attendants. 

Various attempts have been made to calculate the loss of 
heat caused by incrustation formed on che heating surface But 
the circumstances to be considered which determine the rate of 
heat transmission through plates covered by scale of different 
kinds and thickness, either homogeneous or otherwise, are not 
''ufiSciently well understood, and are too numerous to admit of 
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anything like exact calculation. It has by one obaeryer been 
stated that -^ inch of incrustation on the tubes of a multitu- 
bular boiler is equivalent to a loss of 20 per cent, of fuel, and 
that the loss increases in a very rapid ratio. 

Another observer has demonstrated that a scale -^^ inch thick 
demands an increase of 15 per cent, of the fuel, and as the 
incrustation thickens the ratio increases thus : when it is ^ inch 
thick 60 per cent, more fuel is required, at ^ inch 150 per 
cent., and so on. Now it is not stated with which particular 
kind of boiler, or for which part of the boiler this statement 
holds good, nor is the nature of the incrustration stated, on 
which its conducting power depends. Most boilers with an 
ordinary draught would be quite unworkable with ^ inch of 
scale on the furnace plates, and numerous boilers have scale 
considerably thicker than this over the greater portion of their 
heating suiface, without demanding anything like 100 per cent, 
more fuel than when the plates are clean. On the other hand, 
it has been stated, on the authority of Peclet, that a very thin 
coating of incrustration favours the transmission of the heat to 
the water, since it has been observed with new locomotive 
boilers, that the production of steam increases at first, then re- 
mains stationary, and at last decreases. It is probable, how- 
ever, that the increased production of steam observed was due 
to the diminution of the priming which is generally very great 
in new locomotives, and which decreases as the grease and dirt 
are removed, and as the violent ebullition at the firebox 
diminishes when it becomes covered with a thin coating of 
scale. 

It is certain that the uniform coating of sulphate of lime 
formed hard and fast on the furnace plates even ^ inch thick, 
is not so liable to lead to overheating as the thinner, but more 
irregular deposits, that sometimes form like barnacles on the 
plates over the fire, or the scale formed of lime salts mixed 
with organic matter which adheres tenaciously, but does not lie 
close to the plates. Indeed, a few greasy rags lying on the 
plates exposed to the fire will lead to overheating sooner than a 
formidable-looking mass of close-lying and compact incrustation. 
But the deposit that produces most frequently the effects of 
over-heating where they are often least expected, and by many 
considered most unaccountable, ia the impalpable powder fouud 
in the boiler when empty and dry, of which carbonate of lime is 
the chief ingredient. In consequence of the lightness of its particles 
it is long held in suspension, and covers the surface of water as a 
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scum. Wheu the water becomes saturated with this substance, great 
resistance is offered to the free escape of the steam bubbles, and 
to the free convection of heat. The water is in consequence 
lifted off the plates by the steam that accumulates on their sur- 
face, and allows them to become over-heated. 

The tendency to over-heating is much aggravated, if grease 
or other organic matter be present in the water along with this 
tine floury deposit. The grease appears to combine mechani- 
cally with the carbonate of lime, and when the compound sinks 
on to the plates overnight, or when the boiler is at rest, it 
clings as a loose, spongy mass, too inert to be carried off by the 
circulation or ebullition which it retards, and by preventing the 
contact between the plates and the water, and by offering great 
resistance to the transmission of heat produces over-heating of 
the plates. 

The floury deposit usually consists of at least 60 per cent, 
of carbonate of lime with small quantities of carbonate of mag- 
nesia, sulphate of lime, oxide of iron and alumina, sand and 
other impurities. Its colour may be white, grey, slate colour, 
or fawn colour. When found in the boiler after blowing off, 
the colour depends in great measure upon the heat to which 
it has been exposed, being lighter on the furnace plates, and 
those over the hot brickwork darker on the stays and upper 
parts of the boiler. 'Being easily washed out as sludge when 
the boiler is damp, or swept away as fine dust when dry, the 
presence of this deposit often attracts too little atteution, and is 
often overlooked as a cause of over-heating. Its presence is 
usually made manifest by leakage at the seams and fracturing 
of the plate edges over the fire, frequently accompanied by a 
gradual and steady depression of the furnace plates both in 
externally and internally fired boilers. In Cornish and Lanca- 
shire boilers the over-heating is not so much at the crown as at 
the sides of the furnace where the plates frequently bulge in- 
wards a few inches above the fire bars, the crown being at the 
same time forced upwards. The presence of grease in combina- 
tion with the deposit is easily recognised by heating a small 
quantity on a red-hot plate, or in a ladle. Grease is nearly 
always present when the feed is heated by the exhaust steam 
from a non-condensing engine, or is drawn from the hot well of 
a condensing engine. In many cases the system of feed heating 
by the exhaust steam, or feeding with water from the hot well 
has to be abandoned in consequence of the injury done to the 
boiler by the grease so introduced. 
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The tendency to over- heating when this carbonate of lime or 
carbonate of magnesia powder is present is naturally much in- 
creased when the furnace heat is intense, either from the nature 
of the coal or the strength of the draught, or from the close- 
ness of the fire to the plates. In fact a very slight increase of 
draught from a difference in the setting of the boiler and 
arrangement of damper, firebars, or bridge, may make a 
decided change in the liability to over-heat. Cases have been 
met with, where, in a series of boilers apparently alike in every 
respect, only one has given trouble from leaking, fracturing, 
and other effects of over-heating, and it is always found that 
this boiler bums the most coalp, either from having the best 
draught, or from the fires being forced in consequence of the 
bridge being too high. When the rate of fuel consumption is 
reduced to that of its neighbouring boilers, the trouble from 
over-heating is found to cease. 

That a compact homogeneous mass of incrustation should 
prove less detrimental to the plates exposed to the action of the 
fire than a spongy, less solid, or powdery mass, is easily ac- 
counted for on the principle that loose sand forms a much worse 
conductor of heat than the solid stone from which it has been 
reduced. By way of illustration it may be remarked that if 
we take a kettle or pan, coated inside with i inch of scale, we 
can boil clean water in it with far less risk of over-heating than 
if we take a clean vessel and attempt to boil milk or water 
thickened with oatmeal, or other like substance. 

In the latter case in consequence of the accumulation of the 
steam bubbles on the bottom of the vessel, and the resistance 
opposed to the convection, unless it be promoted by stirring, 
the bottom of the vessel will soon become over-heated, the effect 
of which is well known to those experienced in culinary 
matters. 

On breaking a piece of hard incrustation taken from the 
bottom or sides of a boiler, the fracture generally presents a 
series of layers, partly crystalline and partly amorphous. The 
layers are of different thickness, from that of paper to i inch or 
more. Interspersed with these hard layers formed by the depo- 
sition of the salts, are frequently found thin soft layers of 
earthy matter, which has been held in suspension and deposited 
when the agitation of the water has temporarily ceased. It 
sometimes happens that not two of the numerous layers are 
alike in colour, consistency, or chemical composition, a fact due 
to the disturbing influence at the source of the feed supply. The 
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face of the mcrustation next to the plate is very often of a 
black colour, and adhering to it is found a film of oxide of iron, 
whilst the surface of the plate is quite soft, and bears unmis-* 
takable signs of wasting, sometimes to a considerable depth. 
This is usually caused by the corrosive action of the iron salts, 
and in brackish water by chloride of magnesia (muiiate of mag- 
nesium). This last salt is the destructive agent in sea water. 
When concentrated it decomposes at 212^, according to Faraday, 
forming magnesia and hydrochloric acid. The latter on being 
set free rapidly corrodes the iron. 

From water containing salts of iron in considerable quantity 
the incrustation formed has often a red tinge. Chalybeate 
waters are generally highly injurious to the plates, and the film 
of incrustation next to the iron is sometimes of a deep red, 
colouring the water that comes in contact with it through the 
fissures in the scale, by which the presence of these injurious 
salts of iron is easily detected. Some kinds of the softest and 
purest waters deposit small scales in a somewhat curious manner 
over the plates about i inch thick, of irregular shape &om 
i inch to 1 inch diameter. On removing these the plate 
is found corroded underneath sometimes to a considerable 
depth. 

The means in use (uid proposed for preventing and removing 
incrustation may be classed as follows : — 

1. Blowing off. 

2. Introduction into the boiler of chemical agents, to render 
the impurities in the water more soluble. 

3. Introduction of mechanical agents calculated to prevent 
the accumulation of the deposited particles into a solid maiM^ 
and to diminish their adherence to the plates and tubes. 

4. The employment of internal collecting apparatus, from 
which the deposit can be removed more readily than from the 
plates and tubes. 

6. The improvement of the circulation by braticing or 
separating the upward and downwards currents by plates or 
tubes. 

6. Purification of the water previous to its delivery into 
the boiler by heating, treating with chemical re-agents, or 
filtration. 

7. Surface condensation. 

8. Cracking off the incrustation already formed by suddenly 
expanding or contracting either the scale or the plates. 

9. Bemoval by manual labour. 
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10. Employment of galvanic or other agents whose action 
is not understood. 

11. Allowing the boiler to cool slowly and completely before 
blowing out. 

1. Blowing o£f is the readiest, and therefore the most fre- 
quently used means for both the prevention and removal of 
incrustation. In most land boilers the blow-off tap is only in 
communication with the boiler bottom, and in most cases its 
effect is too much localised to be of any great value as a pre- 
ventive of incrustation. But there are many boilers provided 
with one or more internal pipes, extending from end to end 
along the bottom, and in connection with the blow-out tap; 
These pipes are usually carried about ] i clear of the plates, 
and perforated on their under side, where the holes are not so 
liable to choke up as on the top. The common practice is to 
use this bottom blow-out apparatus twice or thrice a day, with 
the boiler at work. 

When this apparatus is kept in good order, experience has 
shown it to be of marked value where the impurities are heavy 
and sink to the bottom. But when the water contains much 
carbonate of lime and carbonate of magnesia, and other ingre- 
dients of light weight, it is found better to blow off after the 
boiler has been for some length of time quiet, and the deposit 
has had time to settle. 

Perhaps the best indirect proof of the efficiency of the 
bottom blow-out apparatus is shown in the liability of the 
blow-out pipe to become completely furred up if not regularly 
used, when it renders the emptying of the boiler no easy 
matter. ' 

The fact of the impurities in many boilers being held in 
suspension for some time by the agitation of the water after 
they cease to be soluble, and floating as scum on the surface, 
has suggested the plan of using surface blow-out apparatus. 
Several arrangements of this kind have been invented and are 
extensively used. They are all alike in one respect — ^they offer 
a quiet place, free from the agitation caused by the ebullition, 
for the deposit to settle in. The deposit that collects is blown 
out at intervals. 

One arrangement, at one time much used, consists of one 
or more trumpet-shaped mouthpieces, in which the scum 
collects, placed in communication by vertical pipes with the 
horizontid bottom blow-out pipe. The mouth is best placed 
horizontally across the boiler, and facing the front end to meet 
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the surface cuirents, which always set backwards from the fire. 
This arrangement is yery objectionable when applied to most 
descriptions of internally fired boilers as the pipes, both hori- 
zontal and vertical, greatly increase the already very arduous 
task of cleaning out the boiler bottom. It very frequently 
happens that this interference with the sweeping out and 
eleaning produces a greater evil than it seeks to remove, and 
no permanent advantage can be expected from the iutroductii^n 
of pipes or other obstacles along or near the bottom of Cornish, 
Lancashire, and similar kinds of boilers. 

In order to act with equal efficiency as the water level rises 
and falls, apparatus have been introduced to float on the water, 
but the incrustation interferes with their freedom of action, and 
in many cases they soon become fixtures. 

Another surface blow-out apparatus consists of a 3-inch or 
4-inch pipe, with a trough cast on its upper side, communi- 
cating with a blow-out tap, usually fixed on the boiler front. 
This, cast in short lengths to admit of being passed through 
the manhole, extends from end to end of the boiler, and is 
fixed so that the top of the trough is just about one inch below 
the mean level of the water. In order to be most efiective, 
such an apparatus should be placed in the middle of the boiler, 
but here it would greatly interfere with the cleaning of many 
kinds of boilers ; and for this reason, and also for facility of 
fixing, it is usually placed on one side. It is usual to have 
only one pipe in onliuary sized boilers, but two would answer 
better in a boiler sufficiently large for their admission without 
interfering too much with the cleaning out. 

The single surface blow-out apparatus, just described, has 
been extensively, and in very many cases successfully, used. In 
some cases, however, it has fallen into disuse and been aban- 
doned, in consequence of the little additional amount of labour 
necessitated in keeping clear the perforations along the top of 
the pipe, without which they are liable to become choked up, 
which renders the apparatus worse than useleps, as it must 
always interfere with the free access to some part of the boiler. 
The plan of keeping the perforations clear by introducing the 
feed through them has been patented, and has given satisfac- 
tory results. Since it is absolutely necessary that the feed 
inlet should be kept clear, this plan ensures the requisite 
amount of attention being paid to the blow-out apparatus. 

An objection Fometimes raised against surface blowing out is 
the waste it caufies, which is stated to outweigh any Bmall 
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advantage it may afford. It may happen that the waste in 
blowing out the hot water may be greater than the loss arising 
from the deposit it is sought to remove. This will, however, 
depend upon the manner of u^ing the apparatus, and as this 
is a matter of some importance, we will consider the principles 
ou which its efficiency depends. 

If the deposits were produced merely by the concentration 
of the water, that is, if they were precipitated only on the water 
arriving at the point of saturation ; and assuming the concen- 
tration to be uniform throughout the boiler, incrustation t;ould 
be almost completely prevented by blowing off from any part 
below the water leveL In this case it would only be necessary 
to extract a quantity of water containing a quantity of salto 
equal to that contained by the feed introduced. If the feed 
contained 1 per cent, of any salt, and it required 3 per cent. 
to saturate it, there would be no precipitate if one-third the 
quantity of water introduced were blown out, the water in the 
boiler being thus maintained below the point of saturation. 
Ordinary sea water contains about -^ of its weight of common 
salt. As the brine in the boiler should never be allowed to 
exceed treble that strength, the volume discharged should be 
equal to half the volume of water evaporated. In many cases 
it is inadvisable to allow the brine to rise above double the 
Btrength of ordinary sea water, or to exceed -^ of saltness ; the 
brine discharged should then be equal in volume to the nett feed 
water, or the quantity evaporated. The loss arising from 
blowing out is given at page 308. 

It is evident that the beneficial results obtained from blowing 
out the brine at sea would always be produced with .the other 
deposits if they were suspended equally throughout the whole 
body of water in the boiler on ceasing to be in solution. 
Unfortunately, however, nearly all the matters excepting the 
palts of soda are precipitated by the mere elevation of tem- 
perature, and are no longer in solution at ordinary working 
temperatures. The heavy sulphate of lime deposits, the most 
troublesome to remove, are not long held in suspension. It is, 
therefore, useless to rely upon blowing out a large quantity of 
water to prevent the formation of sulphate of lime scale. The 
lighter particles of carbonate of lime, which are longest held 
in suspension when the water is in agitation, although in 
great measure removable by surface blowing out, are not 
readily extracted by blowing out a large quantity of water at 
long intervals, as many suppose. Careful observation has 
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8ho¥7n that vrheu either a surface or bottom blow-out tap of a 
land boiler is opened, the deposited matters that have gathered 
in the pipes are copiously discharged *all at once. In ordinary 
cases their flow does not last longer than from 5" to 10". 
Unless highly soluble salts, as those of soda, are present, the 
water discharged after this contains but little incrustation 
matter, and the blowing out is therefore only a waste. The 
proper manner of using blow-off taps, where the object is to 
extract the lime and magnesia salts, is to open them at least 
every hour, or as soon as the deposit has had time to accu- 
mulate in the pipe, for about 10" or 12" at a time, rather than 
for no" or more every three or four hours, which is the prevailr 
ing custom. This practice will doubtless cause a greater 
amount of wear and tear of taps and packing, and will demand 
more attention than is usually given. 

2. The number of chemical substances introduced into boilers 
with a view to increase the solubility of the contained salts, by 
decomposing them, is very large, and their use has been 
attended with widely varying degrees of success. 

Perhaps the most extensively employed of these substaiices, 
since it is the cheapest as well as one of the most effective, is 
carbonate of soda — the common soda of commerce. White ash, 
or soda aah, being cheaper, is often used instead, but is less 
effective. Soda is found to act well in preventing and removing 
incrustations, consisting of both sulphate of lime and carbonate 
of lime. The manner in which the soda and the sulphate in 
the water react on each other is readily understood. These two 
salts exchange their acids, the result being the formation of 
sulphate of soda, which is very soluble, and carbonate of lime, 
which, being absent from any carbonic acid in excess, is insolu- 
ble, and precipitates without forming a hard incrustation. The 
reaction on the bi-carbonate of lime contained in the feed water 
leads to the same result — the pre6ipitation of the lime salts. 
The carbonic acid in excess is seized upon by the soda salt, and 
the carbonate of lime is very rapidly precipitated. The carbonic 
acid taken up by the alkaline carbonate is however liberated 
again by the heat, and the soda is in its original state, and 
ready to act again as before. This is probably the reason why 
a very small quantity of soda is found to act with such effect in 
a very large quantity of water. 

The carbonate of lime, after settling, which it does most 
quickly in the quietest parts of the boiler, remains for the most 
part as sludge that can be easily washed out, as has already been 
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stated, and therefore the boiler should be cooled gradually, and 
not emptied whilst the brickwork and plates are still hot enough 
to bake the sludge into a hard incrustation along with the 
sulphate of lime usually found with it. Before settling, this 
precipitate, in consequence of its minute division, is carried by 
the agitation of the water to the surface, and remains for a time 
as a scum, although the specific gravity of the solid carbonate is 
about 2*7. For the above reason, when lime salts are present 
in any considerable quantity, the use of soda should always be 
accompanied by frequent and regular blowing out, to prevent 
priming, and the overheating that is liable to take place from 
the thickening of the water, or from the settling of a large 
quantity of deposit on the furnace plates when the water is 
allowed to become quiet — as at meal times. 

The common practice of introducing the soda is to empty a 
bucketful, or other quantity, in the solid state, through the 
manhole when the boiler is filled and ready to start after clean- 
ing, or else to drop it periodically, at intervals of a few days, 
through the safety valve, when the steam pressure can be allowed 
to fall. Now, there is one great disadvantage in thus intro- 
ducing soda into a boiler in considerable quantity at a time, 
namely, the tendency it has to cause priming and all its accom- 
panying evils, even to the breaking of cylinder covers, &c. The 
liability to cause mischief from the injudicious use of soda has 
frequently led to its abandonment, and, like many other useful 
agents, the evils attending its abuse are worse than the evils its 
judicious employment would remove. 

The plan of introducing the soda into the water tanks or hot- 
wells of condensing engines from which the boiler is fed cannot 
be recommended, as a great quantity of the water usually runs 
to waste, and consequently no proper estimate can be formed 
of the quantity of soda that actually reaches the boiler. The 
best method in all cases is to dissolve the soda, and introduce 
it continuously with the feed, which can be done by connecting 
the vessel containing it with the suction pipe of the pump that 
supplies the boiler. The rate of flow can be regulated by a 
small tap between the suction pipe and the vessel containing the 
soda. When the boiler is fed with an injector, there should be 
a small tank from which the feed is drawn, in which the soda 
can be dissolved. This tank should be drained by the injector 
from time to time, to insure the introduction of all the soda into 
the boiler. The proper amount of soda to be used is best found 
by experience. The usual quantity varies from 1 lb. to 2^ Ib^^ 
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per day, aooording to the quality and quantity of the water 
evaporated. With soda ash a larger quantity will be required, 
and with cauntic soda a smaller quantity. 

'When used in excess, soda is by many considered to destroy 
the engine packing, and fo attack the brass work below the 
water level, such as the water gauges and other mountings on 
the boiler front. There can be no doubt that the brass taps 
and valves often require more frequent regrinding to keep them 
tight when soda is used in the boiler. This, however, may be 
attributed to the increased amount of fine grit and powder 
caused to float on the surface, which acts rapidly on the brass 
wearing surfaces, and is another reason why an efficient siirfaoe 
blow-out should be provided when soda is used in water con'- 
taining much carbonate of lime. 

Soda does not act injuriously on the boiler plates, unless the 
salt is concentrated from want of sufficient blowing off, or 
unless the soda itself is impure, and contains acids. Yet it 
has often been charged with causing internal corrosion in all its 
various forms. The belief in its injurious action has in many 
cases arisen from the following cause. In boilers fed with water 
containing corrosive impurities, together with matters that form 
a thick incrustation, the damage done by the former is in time 
to a great extent prevented, and sometimes altogether con- 
cealed by the scale formed. On employiug soda, and particularly 
caustic soda, to remove the incrustation, the defects in the 
plates, whose presence may not even be suspected, become ex- 
posed, and being attacked anew by the acid^ in the water used 
for washing out the boiler, which are not neutralized by the 
soda, are caused to '^ bleed." This gives them the appearance 
of having been recently formed, and their presence is at once 
set down to the action of the soda. 

This leads us to the consideration of another valuable 
property of common soda, namely, its power of neutralising the 
free acids so often found in the purest waters used for boiler 
feeding, as well as in those containing large quantities of im- 
purities, and which are the direct cause of pitting and other 
forms of corrosion. The introduction of about half a pound of 
soda per day into an ordinary large-sized boiler is generally 
found sufficient to prevent, or at least to greatly mitigate, any 
corrosive action. 

The well-known property soda has of dissolving and removing 
grease, which constitutes one of its chief values when used for 
domestic purposes, renders it very useful in overcoming the 



INCRUSTATION. 176 

difficulty often caused by the presence of grease in the water. 
The foaming up of the water is increased by the addition of 
soda when grease is present. This, if allowed to take place te 
any groat extent, is liable to gi^e trouble by priming ; and 
again, on this account, a scumming apparatus or surface 
blow out should be used whenever soda is used with greasy 
water. 

The low price of soda-ash leads to its use instead of common 
soda ; but it is often sold in a very impure state, and mixed up 
with other matters whose introduction into the boiler had better 
be avoided. 

Caustic soda is also used, but is said to have a slightly corro- 
sive action when concentrated. It removes hard sulphate of 
lime incrustations more rapidly than common soda, and should 
be employed in smaller quantities. Its use should always be 
accompanied with frequent blowing ofL 

Potash, or carbonate of potassa, acts with salts of lime and 
magnesia nearly in the same manner as comu^on soda. Carbo- 
nate of ammonia acts similarly on lime salts, but does not pre- 
cipitate magnesia. 

Chloride of barium or muriate of baryta decomposes sulphate 
of lime, forming sulphate of baryta, which is precipitated. The 
chloride of calcium or muriate of lime left behind is very solu- 
ble, but when allowed to become concentrated is liable to lead 
to corrosion. 

The above, and many other chemical compounds, have been 
recommended for the prevention of incrustation, but as none of 
them can compare, commercially speaking, with soda, they are 
not likely to be much used. 

Catechu, nutgalls, and other astringents contaiaing tannic 
acid, have been found effective in preventing and removing in- 
crustation. The tannic acid decomposes the lime salts, and 
forme tannate of lime, which is insoluble at first, and forms a 
scum which should be removed by surface blowing off. The 
remaining soluble constituents should also be blown off fre- 
quently, as their concentration is liable to tell severely on the 
iron unless the acids be neutralised by sufficient alkaline sub- 
stances purposely introduced. Where tannic acid is found to 
act well, perhaps the best mode of supplying it is to suspend in 
the boiler a log of oak wood with the bark on, from which the' 
acid is gradually extracted. In all cases where tannic acid is 
used, its effect on the plates and tubes should be carefully 
watched. 
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Sal-ammoniac, or muriate of ammonia, has also been snccess- 
folly used for preventing and removing incrustations, consist- 
ing chiefly of carbonates of lime and magnesia. The chlorine 
contained in it forms with the lime chloride of lime, which is 
soluble, and can be got rid of by blowing off. The remaining 
compound, namely, carbonate of ammonia, is soluble, and also 
volatile, and may pass off with the steam ; but when it becomes 
concentrated, it attacks the plates and brasswork about the 
boiler, and on this account the use of sal-ammoniac is said, in 
many cases, to have been abandoned. 

For removing incrustation already formed, hydrochloric or 
muriatic acid has been recommended. It is usual to introduce 
it befbre the boiler is cooled down previous to cleaning. It 
dissolves the deposits of carbonates of lime and magnesia, form- 
ing the soluble chlorides of lime and magnesium, which pass 
away with the water on emptying, or being in a state of sludge 
can be readily washed or swept out. Unless used with very 
great care this acid is very liable to attack the plates and tubes 
seriously, and on this account its employment cannot be recom- 
mended. Arsenical and other compounds have also been re- 
commended and used in a limited degree. One important 
circumstance in connection with the employment of these sub- 
stances should be noticed. On account of the expense attend- 
ing their use it is too often recommended not to blow out the 
water from the boiler for a length of time, during which the 
boiler is working, in order to get the utmost benefit from the 
ingredients. The effect of this is to thicken the water to such a 
degree by the concentration of solid matters as to endanger the 
safety of the boiler from overheating. 

It frequently happens that there is a choice of two waters 
for feeding the boiler ; the one a spring or brook, containing 
ingredients that form a hard incrustation, the other a surface 
water containing peatly or other acid substances, which act 
injuriously on the plates, but at the same time dissolve the 
calcareous matters deposited by the first. In such cases it is 
found of great advantage to play one water off against the 
other, the hard water being used first to protect the plates, and 
the other afterwards to remove the incrustation formed. 

The use of chemical substances for preventing and removing 
scale by rendering it soluble is most required in boilers inacces- 
sible for hand cleaning, or for the solution of large fragments of 
scale that have been loosened or detached by agents that act 
mechanically ; and as such boilers cannot be well ejuimined 
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internally, the greater care is necessary not to introduce any- 
thing into th&m that is liable to injure the plates. 

3. The substances used to act mechanically in preventing 
and removing incrustation by decreasing the cohesion and ad- 
hesion of the deposited particles, are even more numerous than 
those employed to act chemically in decomposing and dissolving 
the solid matters. In fact it is difficult to mention any common 
commodity that has not been employed to prevent incrustation 
in one way or the other, although the manner in which different 
substances may act is often not understood by those who employ 
them. 

The substances that act mechanically may be divided into two 
classes, namely, first, those that envelop the precipitated solid 
particles in a glutinous or slimy coating, which prevents their 
adherence to each other, and to the plates and tubes ; and, 
secondly, those that act by diffusion among the particles, so as to 
prevent their cohesion by interposition. Belonging to the first 
class are such articles as Irish moss and some other species of 
marine algse^ potatoes, tallow, oil, starch, linseed, sugar, 
molasses, stearine, gum, dextrine, and a host of similar in- 
gredients. Flitches of spoiled bacon have been cut up and put 
inside boilers, bones and all. In a few instances whole dead 
carcases of pigs, dogs, rabbitsi, and other animals, have been 
introduced, with the object of boiling the fatty matters out of 
them. The danger of using such expedients as those last 
enumerated need not be dwelt upon. However well the use of 
greasy substances may have been found to answer in individual 
cases, it has nevertheless been the cause of an immense amount 
of trouble. It has already been pointed out that grease is a source 
of danger in a boiler, and on no account should it be used, 
especially when the feed water contains carbonates of lime and 
magnesia. The majority of the above substances are largely used 
in different countries ; and the benefit resulting from their em- 
ployment in many cases cannot be disputed. But the common 
practice of introducing lumps of tallow and other substances 
cannot be too strongly condemned. The tallow of commerce 
varies considerably in its nature, and in its behaviour inside a 
boiler. It is usually assumed that it melts immediately the 
water becomes hot, but there are numerous instances of large 
pieces of unmelted tallow having been found inside a boilei 
after working for two months at 40 lbs. pressure or more. In 
some cases the tallow seems to change its nature on becoming per- 
meated by the steam. It sometimes combines with the calcareous 
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matters, and forms into small roond balls, by being rolled about 
the boiler bottom. These are easily removed when the boiler 
ia cleaned out, but are liable to cause trouble if they lodge on 
the furnace plates. The tallow appears to combine with the 
lime salts, forming an insoluble soap, which will remain for 
any length of time unaltered in the boiler. The introduction 
into a boiler of some of the glutinous substances mentioned has 
sometimes a wonderful effect in detaching large pieces of incrus- 
tation that can only be likened to flags. The greasy matter 
insinuates itself in an irresistible and curious manner between 
the layers of scale and the plates, and the variations of tem- 
perature or a few blows with a hammer complete the detach- 
ment. Some of the more viscid substances act better than oil 
in this respect : they appear Ttiore searching and tenacious. 

Belonging to the second class are clay and similar substances, 
which are mixed with water and introduced along with the feed. 
Mixing intimately with the other solid particles as they become 
disengaged, the clay prevents their cohcHion. This action is, 
however, by no means certain, and it is obvious that this ex- 
pedient only adds to the solid matters held in suspension, which 
too often find their way to the engine cylinder, and are very 
liable to settle upon the furnace plates when the damper is 
closed and the boiler is quiet at meal times and over night. 
Experience has proved the disadvantage of this method, and it 
is now but very rarely employed. Colouring matters, such as 
logwood, are found to act in a similar manner to the above in 
preventing the cohesion and accretion of deposit. They are 
introduced either in the form of powder or chips. In the 
former shape, however, the substance is likely to cause trouble 
at the cocks and valves. 

In order to prevent the adhesion of the deposited matters, it 
is a common practice to smear the plates and tubes over with 
slimy or oily mixtures every time the boiler is emptied and 
cleaned. A favourite mixture consists of tallow, blacklead, and 
soft soap; railway grease and other similar substances being 
sometimes added. Provided the coating of grease is thin, and 
laid carefully on with a brush, it is far less objectionsble than 
the introduction of grease into the boiler in large pieces, or 
even in a fluid state, when it is always liable to stick to the 
plates and cause overheating. There are many cases where 
boilers fed with water containing sulphate of lime have been 
kept very free from incrustation when the smearing is frequently 
And carefully carried out. 
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There is yet another way in which foreign particles added ta 
the feed water, and which have no tendency ta cohere or con- 
glomerate, act in preventing the hardeiiing of the incrustation 
on the plates. They form nuclei, round which the particles of 
lime and other salts collect before they subside. 'These centres 
of deposit do not readily agglomerate, and can be easily removed 
by washing out. Sand, and sawdust of di£ferent kinds of wood, 
but principally mahogany, have been used with this object. 
The great objection to this method in some cases is the liability 
of the small foreign substances to be carried over into the 
cylinders, and there cause trouble ; and the employment of 
such a substance as sawdust is not conducive to safety and con- 
venience in working the taps and valves about the boiler. 

A great number of the proprietary anti-incrustation compo- 
sitions act mechanically, others depend upon a chemical action 
for their alleged efficiency, whilst a few aim at supplying both 
modes of action for the prevention and removal of incrustation* 
These compositions are often sold as being efficacious with all 
kinds of water. The possession of any such efficacy is scarcely 
worthy of emphatic denial A composition that may act bene- 
ficially in one kind of boiler, and with a certain water, may 
prove actually dangerous when used under different conditions 
of boiler arrangement and water. The remark may be here 
repeated, that with* a view to prevent wasting any of the 
composition, often purchased at an exorbitant price, a recom- 
mendation is frequently given not to blow off the boiler for some 
time, perhaps a week, after the composition is introduced, in 
order that it may be used to the greatest advantage. This 
advice should never be followed, as the bottling up of a boile^ 
for a length of time, and thereby concentrating a large quantity 
of carbonates of lime or magnesia, in combination with greasy 
or glutinous matters, ia attended with great risk of overheating. 
There is also another consideration which should not be over- 
looked : the purchase of these nostrums has often an indirect 
tendency to make matters worse rather than to improve them^ 
for their certain efficacy is so highly lauded by the vendors that 
the boiler attendants think they have nothing else to do than 
introduce the composition according to directions, and spare 
themselves all further trouble of carefuUy removing the scale 
by chipping or washing out when the boiler is periodically 
emptied. The result of this is annoyance, expense, and actual 
danger. Instances may be cited where the purchase of a well- 
known anti-incrustation compound to the extent of nearly 
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£200 per anuum has only resulted in ahorieniog the life of the 
purchasers' boilers by 50 per cent. 

4. Besides the bottom and surface blow-out apparatus, the 
plan has also been tried of suspending in the boiler independent 
vessels of various descriptions, blocks of wood, pieces of sheet 
iron, and other suitable contrivances for the deposit to settle 
upon instead of upon the plates. These can be taken out of 
the boiler and the scale removed ^y hammering, or cracked off 
by sudden expansion and contraction. This principle is most 
fully carried out in the method, which has been to some extent 
adopted, of lining the boiler shell with a series of short lengths 
of plate, which are kept a few inches distant from the boiler by 
suitable distance pieces, forming, in fact, a duplicate bottom 
and sides, which terminate a few inches below the water level. 
By this means the passage for the escaping steam particles and 
ascending current of water is contracted, and the rapidity of the 
circulation increased in proportion. The solid matters carried 
by the circulation over the top of the plate are deposited on the 
inside lining, where the water is comparatively quiet, whence 
they are removed bodily with the lengths of plate through the 
manhole. It is obvious that this plan is most applicable to 
plain cylindrical boilers. The objection to it appears to be the 
difficulty it offers to cleaning and examining the boiler plates 
when the casing becomes too thickly coated with a hard incrus- 
tation to admit of ready removal and replacing, which it will 
inevitably do in course of time, with very bad feed water, unless 
care be taken that the boiler is not cooled down rapidly 
previous to emptying for cleaning. So long as the boiler 
is^ gradually cooled and emptied cold much of the deposit 
will remain soft, in which state it would also be found, at 
least to a great extent, under the same conditions without the 
casing. 

5. The prevention of the deposition of the solid matters 
where they would prove troublesome, is effected by improving 
the circulation of the water either locally or throughout the 
boiler by the method last noticed, and other similar devices, as 
well as by the addition of water tubes in Cornish and Lanca- 
shire boilers. Tbere are several patented arrangements of 
tubes for improving the circulation and increasing the amount 
of heating surface in boilers of limited size, which are said to 
remain free from scale by virtue of the circulation maintained 
within them. This is true with moderately good water, and 
where they are well attended to, but with very bad feed water 
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and ordinary attention most kinds of '' improved circulation " 
tubes will be found to give trouble. 

6. The employment of external collecting vessels in which 
the calcaieous and other matters are deposited previous to the 
entrance of the water into the boiler has long been in vogue as 
a preventive of incrustation. The carbonate of lime may be 
precipitated in close or open vessels or in pipes, by the applica- 
tion of the waste heat from the boiler, or by heating the water 
with the exhaust steam. In order to throw down any con- 
siderable quantity of sulphate of lime, the water must be very 
highly heated, and pipes placed in the flue may be employed. 
It is evident that this is only removing the annoyance one 
degree, as the incrustation which forms in the secondary vessels 
in its turn requires removal. It is on. this account that this 
mode of purification is not more extensively adopted. It must, 
however, be urged in favour of this system that when the cal- 
careous matters are extracted in sufficient quantities to keep the 
boiler in a satisfactory condition, the danger from overheating 
should be removed. 

Dr. Clark's well-known process of purification comes und^r 
this head. Instead of applying heat, this method consists in 
adding a measured quantity of lime in solution to the water 
containing bicarbonate of lime. The added lime combines 
readily with the carbonic acid, and the resulting carbonate of 
lime is precipitated aloug with the disengaged carbonate which 
was held in solution as a bicarbonate. 

When the water contains also sulphate of lime, this may be 
subsequently precipitated by the addition of soda salts. Indeed, 
both the lime salts could be precipitated in a single process by 
a solution of carbonate of soda, but the double process would 
probably prove less costly in the long run. In these chemical 
processes the water should be analysed, and the proper amount 
of lime or soda to be added determined by actual test. Where 
the quantity of lime salts varies considerably at difl'ereut times, 
these chemical processes are scarcely applicable, in consequence 
of the number of tests necessitated to arrive at the proper 
quantity of lime water to be added. Clark's process has been 
employed to some extent with success, but it appears too deli- 
cate in its application to come into general use. When com- 
pletely carried out, the purified water requires filtering, and this 
necessitates the employment of two or three separate tanks, and 
an amount or attention which is not easily obtained. It is pro- 
bably only where the water available is so bad as to be quite 
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unfit for use that this nystem is employed. The space occupied 
by the external coUectiDg vessels and their additional weight, 
renders the plan inadmidsible in many cases. It may be re- 
marked that many of the anti-incrustation compounds might be 
applied with more advantage and less danger in external purify- 
ing vessels than in the boilers. 

7. In thoBe cases where the feed water holds much foreign 
matter in suspension, usually in the form of sand or clay, it 
is advisable to resort to filtration, by forcing the water up- 
wards through a serien of layers of pebbles, bones, or other 
suitable materials. These, in their turn, require frequent 
cleaning, which is usually best effected by turning on a 
current of steam or hot water through them as often as found 
necessary. 

8. The system of surface condensation, found so efficacious 
with salt water in sea-going steamers, has made remarkably 
L'ttle progress in its application to land boilers and condensing 
engines. 

This system consists in passing the steam from the cylinders 
in one direction over the internal or external surface of a num- 
ber of tubes, where it is condensed by contact with the surface, 
cooled by a stream of water (or, more rarely, by a current of 
air) passing continually in the other direction and on the 
other side of the tubes. The condensed steam is thus ren- 
dered capable of being used continuously over and over i^ain 
in the boiler. There can be no doubt that this method could 
be applied with advantage in using many descriptions of water 
acidulated, or impregnated with salts that cause trouble in the 
boiler. 

It has been found that very pure or distilled water acts 
injuriously on the plates, and in most cases where surface con- 
densation is used it is advisable to allow the internal surface 
of the plates and tubes to become covered with a very thin 
coating of incrustation, in order to protect them from the 
corrosive action of the water. This coating, in some cases, it 
will be found necessary to renew from time to time by using 
a certain quantity of water containing lime-salts, which it may 
be necessary to supply artificially. 

In some surface condensers the side of the tubes in con- 
tact with the steam is found to become coated and clogged 
with grease. This can be best removed by washing with an 
aqueous solution of soda or potash. 

In using sea water for surface condensation no trouble is 
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likely to arise with the water side of the tubes ; but in using 
fresh water, containing bicarbonate of liine, the elevation of 
temperature will cause the precipitation of the lime salt, 
which will rapidly incrust the surfaces it comes in contact with, 
and so impair the efficiency of the apparatus. It is, perhaps, 
on this account that surface condensers are not so applicable to 
many kinds of fresh water as to sea water. 

It has also been found that the grease carried over from the 
engine cylinders, in using the condensed steam unchanged for 
a lengthened period, acts injuriously in pitting the plates and 
iron tubes of the boilers. This defect has been ascribed by 
many to the decomposition of the grease and tallow by the 
protracted action of the steam and hot water, by which a fatty 
acid is formed that attacks the iron where the grease lodges* 
The fact of small particles of brass and copper having sometimes 
been found in the pitted holes, has given rise to the opinion 
that the corrosion is due to galvanic action. This supposition is, 
however, rendered improbable by the fact of the pitting being 
often more marked when no brass or copper is, or can be, 
present. The action of the acids can be prevented by intro- 
ducing solid carbonate of lime or other substances having 
similar chemical properties, which will form with the acid a 
solid insoluble soap. This plan is, however, open to the 
objection that the heavy compounds are liable to settle upon 
the plates or tubes, and cause overheating. 

9. When incrustation has once formed the safest plan for 
its removal is to chip it off carefully with sidtable tools. 

This is sometimes a most laborious and slow operation where 
the construction of the boiler is at all complicated and the 
scale is refractory. In such cases the chipping is by no means 
a simple process, and the ingenuity of the engineer is often 
taxed to devise suitable tools for acting effectively on inacces- 
sible parts of the boiler. The chipping should always be care* 
fully done, so as to injure the surface of the plates and rivet 
heads as little as possible. By rough and careless workmen 
the indentatioDS made in the iron with the chisels and picks 
only serve as so many points for the firmer adhesion of the 
scale subsequently formed, and from which it is always more 
difficult to remove than from the unbroken surface of the 
plates. Any corrosive agent present in the water has also a 
better opportunity for attacking the iron when the surface is 
broken. 

10. Pfrhaps the most objectionable method of removing 
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the incrustation, although frequently employed, is to crack 
it off by suddenly contractitig or expanding the plates or 
the inoruHtation itself. The contraction is effected by sud- 
denly letting into the boiler, after blowing off with the Hteam 
up, a volume of cold water, or opening wide the furnace 
doors, chimney damper, and entrances to the flues as soon as 
the fire is drawn. This is often found to bring the scale off 
in large fragments, or so to loosen it that it falls off during 
the subsequent working of the boiler, if it does not readily 
admit of being iro mediately hammered or wedged off. The 
consequences likely to arise from this reckless practice are too 
obvious to require special comment, suffice it to remark that it 
has directly caused the destruction of many a boiler, and indi- 
rectly the loss of many a life. It is an expedient too often re- 
sorted to by attendants n^ho have an interest in showing the 
apparent efficacy of many worthless boiler incrustation remedies. 
Unscrupulous vendors of compositions and other alleged methods 
of removing incrustation have been known to bribe boiler 
attendants, who, in order to convince their employers of the 
alleged benefit arising from the use of the vaunted nostrum, 
are compelled to have recourse to the reckless measure in 
question. 

The removal of scale by expansion is effected by cooling 
the boiler down, either suddenly or gradually, and allowing it 
to stand until quite cold, when steam superheated, or as hot 
as it can be procured, is let suddenly into the closed-up 
boiler. This has the effect of causing the incrustation to ex- 
pand more rapidly than the underlying plates, when it breaks 
and falls off, or loosens its hold sufficiently to admit of being 
easily removed by manual labour. This expedient is only 
sometimes successful, but is always attended with a risk of 
starting the seams and joints, and so causing injury to the 
boiler. Its use cannot therefore be recommended. It has 
often been tried and failed, especially when the outride of the 
boiler is still warm, and the incrustation is covered with 
moisture, which prevents the sudden effect of the steam where 
it is required. 

11. Attempts have been made at various times to prevent 
the formation of scale, and to remove it when already formed, 
by magnetism. The manner in which the electric current is 
induced in some of the so-called magnets that have been em- 
ployed is by no means clear, and in some instances the pro- 
duction of any electric action is more than doubtful. And^ 
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even supposing a current to be produced by the disturbance of 
the electric equilibrium, in the disengagement and discharging 
of the steam, the whole electric force, even when coaceutrated, 
is probably so smali in amount under the unfavourable con- 
ditions found in a boiler, as to be of no practical importance. 

Again, the manner of action of the electric current in pre- 
veutiog the deposit from forming or hardening is not known. 
Whether a vibration of the plates and tubes is caused, or 
whether they are made to expand and contract continuously, in 
such a manner as to loosen the scale and prevent its adherence, 
is by no means clear, and it is certain that any such actions 
could only prove detrimental to the boiler. 

The employment of electricity as an antl-incrustative agent 
is almost abandoned at the present day, but we may shortly 
expect a revival of it in one form or another. 

That this means of removing scale has been stated to be 
successful on what should be good authority there can be no 
doubt. But in more than one case it has been found that 
gold and not electricity was the agent to which the incrustation 
yielded. Any unscrupulous boiler attendant, by suddenly 
cooling the plates when emptying the boiler, can produce 
results which he can ascribe to the efficacy of any kind of 
anti-incrustator it may be to his interest to extol. 

12. The simplest, and at the same time the most neglected, 
method of preventing and removing incrustation, is to allow 
the boiler to cool as gradually as possible, and to stand with 
the cold water in for a few days before emptying, which should 
be done frequently. By this means, which, however, in most 
cases requires the use of a spare boiler, the deposits are saved 
from being baked hard and fast to the plates, and the sulphate 
of lime already indurated has an opportunity of redissolving in 
the cold water, and on emptying a boiler with moderately bad 
water, a much greater amount of silt, mud or sludge will be 
found all over the inside below the water line than when the 
boiler is blown out with steam up. 

Now, the difficulty of getting men to undertake the unplea- 
sant job of wallowing amongst this wet mud in the attempt to 
brush it out of some kinds of boUers is the principal objection 
the advocates of this plan have to contend against. The labour 
can, however, be much shortened by washing out the sludge 
with a hose pipe when a head of water is available Boilers, 
by this simple method, and the use of a small quantity of soda, 
have been relieved from the evil of thick incrustation after the 
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failure of many expensive boiler oompositions. Against tbis 
metbod it is sometimes urged that tbe bottom blow-out pipes 
become oboked up unless tbe boiler contents are emptied wbile 
tbere is still a considerable pressure after the fires are drawn. 
This objection always proves a defect in tbe arrangement or 
attention to tbe blow-out apparatus ratber tban any defect 
involved in the principle recommended. When it is required 
to cool a boiler down rapidly, it will be found best to run in 
cold water at tbe same rate bh tbe bot water is discbarged. 
By tbis means tbe cooling is eflfected rapidly, but gradually and 
uniformly. 



CHAPTER IX. 
Wear and tear. 

Fbom the hoar a boiler is set to work it is acted upon by 
destroying forces more or less severe aud uncontrollable in their 
work of deterioration. These forces may be distinguished as 
chemical and mechauicaL In most cases they operate inde- 
pendently, yet they are frequently found acting conjointly in 
bringing about the destruction of the boiler, which will be more 
or less rapid according to circumstances often difficult to detect 
or fix upon with certainty. 

Corrosion, internal and external, but more especially the 
latter, is the malady that most boilers are liable to suffer from. 

Internal corrosion presents itself in various forms, each 
having a character of its own, but only sometimes strongly 
marked. These are usually designated as — 1, uniform corro- 
sion or wasting ; 2, pitting or honeycombing ; and 3, grooving. 
The first mentioned is the effect of the chemical action of the 
feed water or substances introduced into the boiler ; the second 
is also due to chemical agents, assisted, as held by many, by 
galvanic actiun ; the third is due to chemical aud mechanical 
action combined. 

By uniform corrosion is meant that description of wasting 
of the plates or tubes, where the water corrodes them, iu a 
more or less uniform and even manner, in patches of consi- 
derable extent, aud where there is usually no well-defined line 
between the corro led part aud the sound plate. Although 
seldom so uniform iu its effects as ordinary rusting, this coiTOsiou 
yet approaches it in its character and effects. The presence of 
tbia as well as of the other kinds of corrosion is generally not 
difficult to detect. Even when covered with a considerable 
thickness of incrustation its presence is often revealed on 
emptying the boiler by the *' bleedhu/y" or red streaks, where 
the scale is cracked. But in some cases, even where the plates 
are free from incrustation, uniform conosion, iu consequence of 



18R A TREATISE ON STEAM BOILERS. 

its even surface anVl the absence of any well-defined limit to its 
extent, may readily escape detection. Often, when actually 
discovered to exist, the depth to which it has penetrated can 
only be ascertained by drilling holes through the plate and 
measuring the amount of material remaining. With lap joints 
the thickness remaining at the edge of the plate and round the 
rivet heads may serve as a guide to the amount of wasting ; but 
this may prove treacherous, since the adjacent plates may both 
be corroded to an equal extent along with the rivet heads, 
which will give the edge of the plate the appearance of having 
the original thickness. 

One of the mo»t remarkable circumstances in connection with 
all kinds of corrosion is the apparently capricious manner in 
which it makes its appearance. For example, in two boilers 
alike in every respect, fed with the same water, and subject to 
the same treatment, one may be found attacked at the front end 
and at mid-height, whilst the other may be affected only on the 
bottom at the back end. In such cases there can be little 
doubt that the difference in the quality of the plates for re- 
sisting the corrosion has much to do with the apparent caprice 
of the acids in the water. The water from some wells and 
mines, and from certain canals and streams, attacks the plates 
violently only at the water line, whilst throughout the rest of 
the boiler the plates are comparatively or absolutely unharmed. 
In some instances this is very marked, the injury done to hori- 
zontal boilers being confined to a belt of about 6 inches or 
8 inches at the water level, and in long vertical boilers to a belt 
of about 24 inches, according to the range of the water leveL 
The boilers in some districts are attacked by surface and well 
water only on the bottom, whilst in neighbouring districts the 
tubes are attacked more than the shell, or vice versd. In one 
case the corrosion is chiefly confined to the bottom of the fur- 
nace tube, in another it is limited to the narrow water spaces 
at each side of the tubes in Lancashire and similar kinds of 
boilers. The water in some localities, whilst but slightly acting 
upon the body of the plates, attacks the rivet heads or edges of 
the plates and angle irons. Sometimes it happens that it is 
mainly the transverse seam rivet heads and plate edges that are 
attacked, sometimes the longitudinal seams ; out of 100 rivets 
10 may be seriously affected whilst the rest remain sound ; or 
the outer courses of plates on the bottom are affected more than 
the inner courses. The stays are often far more rapidly wasted 
than the plates. A screwtid stay will be violently attacked at 
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the thread whilst the unbroken or turned snrface will escape. 
In fact, it is almost impossible to conceive any vagary the acid 
in the water could commit, examples of which are not to be met 
with. This apparently capricious action of the corrosive agents 
is to be ascribed to their gravity, to their concentration in 
certain parts of the boiler, to their action being increased where 
the temperature of the plates is highest or lowest, to the circu- 
lation of the water, to the nature of the iron, and to other 
more hidden causes. 

With the feed water from one supply only, corrosion is found 
more often under an incrustation of sulphate of lime than under 
one consisting chiefly of carbonate of lime. In many boilers fed 
with water containing the former salt a coating of oxide of iron 
of a black colour may be jbund adhering to the detached scale, 
which as often as it re-forms and is broken off brings with it a 
fresh film of oxide. 

Another peculiarity worthy of notice is the different manner 
in which the plates and rivet heads behave with different kinds 
of waters after the wasting has been going on for some time. 
In most cases the corroded iron is readily removed, if it does 
not come off without means being taken to detach it. But 
cases are to be met with where the corroded iron adheres tena- 
ciously to the sound plate beneath. In such cases considerable 
force is required to remove it, and the presence of the corrosion 
is not suspected until the hammer or pick is forcibly applied. 

It is the opinion of many that the presence of a small pro- 
portion of carbon in steel will preserve it in a great measure 
from the wasting effect of bad feed waters. No doubt it does 
so almost totally with some waters, but with others it appears 
to have the opposite effect. 

Unlike ordinary internal corrosion, the extent of the effects 
of pitting and honeycombing are well marked by the sharply 
defined edges they present. The term honeycombing is most 
aptly applied when the plates are indented by very small holes 
close together. Pitting may be defined as confiuent honey- 
combing, and is found in holes and patches varying from 
^ inch to 12 inches diameter, and assumes most irregular forms. 
The depth of the cavities varies from ■^■^" to J inch or more. 
This form of corrosion is certainly most capricious in its attacks. 
It may be found on every plate of a boiler in contact with the 
water, and sometimes in the steam spaces and domes ; or it may 
be found only on a single plate either above or below the water 
line ; whilst the remainder bear no traces of corrosion whatever. 
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Boilers fed from the Bame water main and worked under similar 
couditiouB are sometimes found pitted in strangely differeut 
manners. Out of half a dozen boilers made of plates of the same 
brand, and worked side by side, one may be found so severely 
pitted as to require the renewal of one or more plates, whilst 
the other five boilers remain not at all or scarcely affected. 

The mysterious manner in which pitting so often occurs, and 
its peculiar character, have not yet been altogether satisfactorily 
explained. It was once commonly ascribed to voltaic action 
between the iron plates and the brass tubes when found in loon- 
motive boilers, but this theory was found to break down when 
the same pitting was found in similar boilers with iron tubes, 
and having neither copper nor brass near the portion affected. 
It was then advanced that the voltaic action took place betweeTL 
the different qualities of the scraps composing the plates, which 
are understood to exhibit different electric conditions, the 
electro-positive metal of the battery acting on the chemical 
solutions in the water, and becoming decomposed. Then it 
was advanced by the supporters of this theory that pitting 
would not occur with an electro-homogeneous metal such as cast 
steel, since the third element would be wanting. But cast-steel 
plates have been found to suffer from pitting as much as iron, 
and even more with some waters ; yet with other waters which 
severely attack wrought iron steel is found not to suffer in the 
least. The pitting, of cast steel either proves that it is not the 
electro-homogeneous metal it was supposed to be, or that the 
pitting of boiler plates is not due to galvanic action, unless the 
electro-negative element, as well as the exciting agent, be 
present in the water. The sharpness of the edges of the cavities 
is stated to be increased as the intensity of the voltaic 
action increases. 

After all that has been said and written on this question it 
would seem that the phenomenon of pitting can in most cases be 
just as satisfactorily explained as being the result of simple 
chemical action without the aid of galvanism. 

The concentrated acids of the water will attack the most 
susceptible portions of the plates. Whether the plates in the 
steam space are attacked or not vvill depend upon the nature of 
the acids, whether they are volatile or not, or whether the liquid 
add is carried into the steam space by priming. 

The wasting of the inside of locomotive firebox shell plates 
round the copper stays is generally set down to voltaic action. In 
what degree this may be the actual cause cannot readily be deter- 
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mined, but there can be no doubt that the wasting of the 
plates round the holes is in great measure due to the injury 
sustained in punching, which renders the iron more susceptible 
to the action of the water. Drilling instead of punchiug the 
stay holes has been attended in some cases with good results, 
enabling the plate to hold out much longer against the wasting 
effect of the water. 

The rapid local wasting of locomotive firebox stays where they 
pass through copper plates, which often occurs when certain kinds 
of feed water are used, is perhaps the most conclusive evidence 
of the presence of galvanic action, j inch bolts become re- 
duced in a few years to half their original diameter inside the 
hole, whilst the thread in the copper plate remains perfect, and 
the bolt is not affected by corrosion about an inch from the 
copper plate. The wasting often commences first at the stays, 
near the firebox crown, where it is probably induced by the 
bending action due to the expansion of the plates, which is 
most severely felt at this part. 

As to the means to be employed for preventing internal cor- 
rosion, the surest is obviously to abandon the use of water 
which hafi a corrosive effect upon the plates. At mines where 
the bad feed water is drawn from the ground it can sometimes 
be replaced by surface water more free from acids, and in cities, 
when the well water is found to injure the boiler, it can 
generally be replaced by the town supply of a better quality. 
There are, however, cases where the expense of using towns' 
water is so great that it is found more economical to employ 
corrosive well water, and lay down a new boiler every five or 
six years. This practice is however attended with great risk, 
OD account of the temptation to use the corroded boiler to the 
last minute of safety. 

When the water is found to affect the plates only in par- 
ticular places, as at the water level, it is well, on the score of 
economy, to introduce thicker plates in such places, and to 
arrange them so that the seams of rivets, which are the 
weakest portion, do not come within the region attacked by 
the water. There exists great prejudice against introducing 
plates of different strength into a new boiler shell, in conse- 
quenos of the non-uniformity of strain throughout the structure 
it involves, which in many cases is already more than desirable. 
But the question arises, is there any greater disadvantage in 
having the non-uniformity of strength at the beginning than at 
the middle of the life of the boiler, since the irregularity in 
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strength must, under the circumstances ive are considering, 
necessarily occur at one time or another ? There appears to be 
no sound reason for hastening the time for repairs, by making 
the strength uniform at first, when it is known that it cannot 
long continue so. 

When there is no choice of feed water, the simplest 
method of preventing the corrosion caused by the majority 
of waters is to neutralise the acidity by treatment with 
some alkaline substance, either prior or subsequent to the 
introduction of the water into the boiler. This is best done 
by using soda, soda ash, or caustic soda, which should be dis- 
solved and constantly introdaced with the feed water, rather 
than in doses at long intervals. The quantity required will 
vary according to the strength and quantity of the acids in the 
water. It must however be remarked that when strong saline 
solutions are formed in the boiler, as in using salt water, the 
introduction of soda will be found to be an evil, and the only 
remedy in this case is to keep down the strength of the solution 
by frequent blowing off from bottom and surface. The methods 
of filtration and surface condensation have been found to 
answer well. When comparatively pure water, such as is 
obtained by surface condensation or from the water supply of 
some towns, is found to act injuriously on the plates, the cor- 
rosion may be prevented by allowing an amount of impure 
wfiter to enter the boiler sufficient to deposit a thin layer of 
scale, which will protect the plates against the action of the 
more pure water. 

Grooving, channelling, or furrowing, as it is variously called, 
is found of two different kinds, which, however, do not always 
present such distinctly marked characters as to precisely indi- 
cate the different causes of their formation. One kind is 
caused entirely by the straining and fretting of the iron, where 
a considerable change in the direction of the strain takes place. 
Where it is not aided by the corrosive action of the water, 
it may penetrate deeply into the plate or angle iron, without 
being more than -^ inch in width at the surface. Sometimes 
this grooving is so fine as to appear more like a fracture, and is 
very difficult of detection. Any acidity in the water appears 
to widen the grooving, by attacking the surface laid bare. It 
is most commonly found in stationary boilers of the Cornish 
and Lancashire types on the flat end plates round the edge of 
the angle iron over the tube crown, and more frequently at the 
^ont end than at the back. It is usually deepest near the 
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centre of the crown, and extends on either side for a length of 
from 6 to 24 inches, and gradually disappears. Sometimes the 
grooving selects the root of the angle iron or flange of the tube 
plate instead of the end plate. The choice will depend upon 
the relative power of resistance of the parts joined. These 
angle irons are usually about ^ inch thick ; and when the plate 
does not exceed -^ inch in thickness, it is almost invariably 
chosen ; but when the plate is -^^ or j inch thick, the grooving 
is often found in the angle- iron root. Jn like manner, when the 
fumace^tube plate is flanged, being the weaker, it is selected^ 
the grooving taking place in the comer of the flange rather 
than in the end plate. 

This grooving is caused by the too rigid staying of the ends 
by gussets or other stays, and by the diflerence between tbe 
expansion of the tube crown and boiler shelL As far as the 
bridge only the furnace crown is heated by the fuel and gases, 
the bottom being kept comparatively cool by the entering cur- 
rent of air. When the flue tube beyond the bridge is clean, 
the whole circumference is exposed to the radiation and contact 
of hot gases ; but even in this condition it is improbable that 
the bottom receives anything like the same amount of heat 
by radiation that the top receives by contact with the flame 
which clings to the upper side. After the boiler has been at 
work a short time the bottom of the flue is maintained at a 
comparatively low temperature by the dirt that accumulates 
upon it. We may therefore consider the flue crown, under 
ordinary working conditions, as being much hotter than the 
bottom, and the greater expansion must cause a correspondingly 
greater strain at that part of the end plates to which the crown 
is attached. 

This longitudinal expansion is accommodated in part by the 
springing of the end plates and in part by the arching of the 
tube. That this arching takes place has been proved by 
actual test, the tube of a 30-feet long boiler having been found 
to rise fully } inch near mid length on heating the water to 
the boiling point, and without forcing the fire. Such an 
elevation of the crown is too great to be accounted for by the 
circumferential expansion alone. Were the longitudinid ex- 
pansion, which must take place very gradually, maintained 
at the same degree all the time the boiler is at work, it 
would not account for the grooving ; but every time the fire- 
door is opened the rush of cold air against the hot plates must 
cause them to contract suddenly, and to this rapid contraction. 
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repeatedly taking place, mnat be ascribed the action which 
cansea the fretting of the rigid end plates or angle ironSy as 
the case may be, which resolts in grooving ronnd the end 
attachment of the furnace crown. The means for prcTcnting 
it is simple. We have only to lessen the rigidity of the end 
plate, so as not to confine the bending action to one line. 
This may be done by allowing a sufficient distance between 
the tube and the end- plate stays for the plate to spring freely. 
Nine inches is found sufficient with ^ or ^ inch plates. The 
use of " Adamson" or '^ Bowling" hoops, which allow the tube to 
expand freely and reduce the strain upon the end plates, will 
prevent grooving to a great extent. 

The grooving is not always confined to the crown, being 
frequently met with on the front end plates of Laneashira 
boilers between the tubes, when these are very close together 
and secured to the ends by ^'spectacle" pieces, the water space 
being too small to admit of using angle irons. This grooving 
at the " spectacle " plate is probably in some measure due to 
the variations in the temperature of the two tubes not taking 
place simultaneously, which is especially the case with alternate 
firing. The only cure for this grooving at the middle water 
space is the removal of the '^spectacle" piece and tapering 
down the ends of the tubes, to give increased space to allow 
the end to spring. 

It is but seldom that grooving is met with at the water 
spaces between the tubes and shells of Lancashire and other 
double furnace-tube boilers. A few instances of this have, 
howevw, occurred. Such cases are liable to be overloc^ed in 
consequence of the inaccessibility of their position. Their 
presence is more difficult to account for than the other oases ; 
but this side grooving is found in conjunction with a low fire- 
grate, very thick end plate, and cramped side water spaces. 
Cases of grooving beneath the tube are extremely rare. 

There can be no doubt that introducing the feed water at a 
high temperature, near the level of the tube crown, and 
thereby improving the circulation and decreasing the diffecence 
in temperature above and below, tends to lessen the end 
grooving. '* Galloway " boilers are not found to groove so much 
as " Lancashire " boilers, similarly stayed, probably owing to the 
better circulation of the water in the former. 

The trouble from grooving and leaking caused by the too 
rigid staying of the ends of internally fired Unlers has, in 
many cases^ led to their abandonm^l In order to avoid the 
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grooving over the tubes of Cornish and Lnncashire boilers, 
many makers rashly dispense with gusset and longitudinal 
stays, and substitute ineflScient stiffening ribs of angle or T 
irons, the result being dangerous fractures through the line of 
rivet holes, or at the root of the angle iron securing the end 
plate to the shell. 

Other examples of ^ooving, caused by the upsetting action 
near the parts affected, may be mentioned. The domes of 
locomotive boilers are sometimes found grooved internally, in a 
line opposite the edge of the angle iron attaching it to the shelL 
This is caused by the gveat strain thrown upon the angle iron, 
in consequence of the large quantity of the shell it is still 
too often the fashion to cut out for the dome hole. 

The shells of vertical boilers, with internal furnaces, are 
liable to internal grooving round the upper edge of the founda* 
tion ring, between the shell and tube, when the ring is not 
made of sufficient depth to resist the upsetting action caused 
by a severe downward pressure on the furnace crown. 

The curved bottoms of haystack and wagon boilers under 
pressure have also a tendency to upset the angle iron attaching 
the bottom to the shell, which results in internal grooving at 
the sides of the shell along the edge of the angle iron. 

Internal grooving is frequently found round the edge of 
the angle iron on the flat ends of plain cylindrical boilers. 
In such cases it is caused by the insufficient stiffness in the end 
plate allowing an alternate bulging and flattening action to take 
place under varying degrees of pressure, which strains and 
frets the plates at the line of attachment. The furrowing pro- 
duced by this action is often found at the root of the angle 
iron, instead of in the plate or in the comer of the flange 
when the plate is bent. Grooving from this same action was a 
common cause of the failure of the old flat-botttomed and 
sided wi^n and haystack boilers. It is also met with round 
the flat and cambered crowns of vertical boilers, of large domes, 
and of the vertical tube in Kastrick boilers. 

It is thus seen that grooving may be due to want of stiffness, 
as well as to an excess of stiffness under different conditions. 

The other kind of grooving alluded to at page 192 is usually 

found running parallel with and close to the edge of the plates 

in lap joints. It is much wider at the surface of the plate 

than the first-mentioned kind of grooving, and has often the 

appearance of having been gouged out. It is caused mainly by 

the oorroeive action of the water, but is induced by the buck- 

K 2 
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Hog and fretting of the plate at the line where it is 
found. This buckling is due to the oblique action of the cir- 
cumferential and longitudinal strains at the joints, either from 
the steam pressure or from unequal expansion and contraction. 
At the longitudinal lap joints the buckling is also due in some 
measure to the cross-bending action produced by the internal 
pressure tending to force the plates into a perfectly cylindrical 
form. 

In stationary boilers, which are but seldom worked at more 
than 80 lbs. pressure, internal grooving at the longitudinal lap 
joints is not often met with, unless the boiler barrel deviates 
2 inches or more from the truly cylindrical form, yet it is some- 
times found at the longitudinal seams of old boilers where they 
run in a continuous line from end to end. At the transverse 
lap joints of long Cornish and Lancashire boilers internal 
grooving frequently occurs, but not of a very decided character. 
Its presence can generally be traced to the diflference in ex- 
pansion between the bottom and top of the shell, or between 
the flue tubes and the shell bottom. It is most marked in 
boilers where the circulation is bad, which is especially the 
case when the cold feed water is introduced at the bottom. 

In locomotive boilers working at 140 lbs. pressure or more, 
and where the plates are thick in proportion to the diameter, 
internal grooving at the seams is most frequently met with. It 
occurs at the longitudinal lap joints below the water level, prin- 
cipally at mid length of the barrel or near the smoke-box end, 
at the ring seams all along the boiler, and very often in the 
plate opposite the edge of the outside angle iron attaching the 
barrel to the smoke-box tube plate. It is most marked at the 
bottom of the barrel, and diminishes gradually, until it dies 
away near the centre line. 

Transverse furrowing also occurs in the body of the plates 
when they are too rigidly attached to the frame by plate stays, 
secured by angle irons to the boiler shell. It is found opposite 
to the edge of the plate or angle iron. 

As this description of grooving always occurs at the edge of 
a plate, or opposite the edge of an angle iron in a line where 
the direction of the strain caused by the steam pressure or by 
expansion and contraction is liable to be changed, it suggests 
the probability of its being caused by mechanical action, which, 
producing a bending or springing of the plate along the line 
where it occurs, breaks off the coating of incrustation or the 
'^utside scale of the plate itself, thus continuously exposing a 
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fresh snrfaoe for the chemical action of the water. Adforeover, 
as the longitudinal grooving only rarely takes place above the 
water line, and as it is found to occur with one kind of water 
and not with another, it may reasonably be concluded that it is 
chiefly due to chemical action, although induced in the first 
place by mechanical action. 

The buckling action at the longitudinal seams being caused 
by the unequal distribution of strain at the overlap, or by th« 
tendency of the barrel to assume a perfectly circular form 
under pressure (which form is necessarily departed from at the 
lap joint), may be prevented by doing away with the lap joint, 
and using welded joints or butt joints with double butt strips. 
Or, retaining the lap, the result of the chemical action may be 
prevented by keeping the longitudinal seams above the water 
level, which has been done by making the courses of plate in 
one length. The evil of longitudinal furrowing has been over- 
come by either of the above methods. In some cases, how- 
ever, where welding has been tried, it has been found that the 
plates are rapidly pitted at the weld ; and this plan had, in 
consequence, to be abandoned, unless the joints were kept 
above the water leveL 

At the transverse lap joints the buckling is caused by the 
boiler being too rigidly tied to the engine frame, and not being 
allowed to expand and contract freely, or, as it is sometimes 
called, to breathe freely. It is also aggravated by the vicious 
practice of attaching the drag apparatus directly to the boiler. 
Another cause of the buckling at the shell bottom is the strain 
thrown upon the bottom plates by the greater expansion of the 
tubes compared with the shell 

There can be little doubt that internal grooving is often in- 
duced by excessive caulking, which, by destroying the skin of 
the iron, exposes a surface for the easier attack of the corrosive 
agents in the water. On this account many engineers dis- 
countenance the practice of caulkiDg the plates on the inside. 

External corrosion is a more frequent and more subtle destruc- 
tive agent with stationary boilers than any kind of internal 
corrosion. This probably arises from the fact that its presence 
is less suspected, and is often less easily detected in consequence 
of the inaccessibility of the plates. It is therefore left to do its 
work of destruction without any attempt being made to anrest 
its progress. It is found either as uniform corrosion in large 
and small patches, or as grooving. 

Tha most frequent sources of external corrosion are expos^' 
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to the weather, leakage from joints of plates and fittings, drip- 
ping from mountings, moisture rising from the grouod near the 
boiler,, either from the damp nature of the ground or from the 
want of waste pipes to oarry off the water, from the blow-off 
tap, water gauges, Aa, and from the careless practice of damping 
the ashes close to the boiler. 

When leakage takes place at the boiler crown to any great 
extent, the whole circumference of the shell being below, is 
liable to suffer wasting from it. A slight leakage from a bad 
joint may be sufficient to cause a severe local grooving at the 
seam or fiange, as it often goes on for a length of time unper- 
ceived and unsuspected, especially when the shell is covered by 
brickwork or other material to prevent the radiation of heat. 
Some of the compositions used for covering boilers, however, 
become soft, and at once betray any leakage that may be going 
on beneath. To prevent leakage at the joints of the moimtings, 
they should always be riveted and caulked to the curved plates, 
and never attached by bolts or studs. The greatest difficulty 
in making a good joint on a curved surface by the usual means 
of studs or bolts and nuts is found at the blow-out pipe attach- 
ment of ordinary factory boilers, where the joint has to bear the 
reckless twisting and straining from the use, of a long lever every 
time the blow-out tap is turned. In nearly all cases where the 
blow-out attachment is not riveted to the shell, the plate be- 
comes rapidly wasted round the bolted flange. 

To the injudicious practice, which still largely prevails, of 
building boilers in with a mass of brickwork, the greatest 
amount of deterioration from external corrosion must be attri- 
buted. This evil acts directly in keeping any water that may 
find its way to the boiler in contact with the plates, and also 
indirectly in preventing the detection of any wasting that may 
be going on. 

« The most glaring example of this kind is to be found in 
placing internally fired boilers on a wide midfeather or sup- 
porting wall extending along the middle of the shell nearly 
from end to end. Any water from leakage or other source 
trickling down the shell naturally finds its way to the bottom, 
and when it is held here in contact with the plates a rapid oxi- 
dation takes place. The wasting is often promoted by the pre- 
sence of damp mortar, which should never be allowed to touch 
the plates, and by corrosive agents in the products of combus- 
tion which sweep past. These midfeathers are sometimes aa 
much aa 2 feet wide^ and very commonly 14 or 18 inches^ la 
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such cases it is impossible to tell by ordinary examination in 
passing along the flue the condition of the plates resting on the 
brickwork. It frequently happens that to all appearance no 
damp is present, and the plates near the edge of the midfeather 
are in good order, yet on Temoving the brickwork the plates for 
a width of 6 or 8 inches at the centre all along the boiler are 
found eaten nearly through. 

With boilers of 4 feet diameter and upwards midfeathers 
should not be used. The boilers are much better placed on 
side walls with a total bearing surface of from f inch to 1 inch 
per foot of diameter. In very small boilers where side walls 
are not admis!«ible the bearing of the midfeather need never 
exceed 3 or 4 inches in width ; and a loose brick should be left 
here and there, or at least at every ring seam, for removal to 
facilitate examination. When there is any dampness in the 
ground beneath the boiler, it invariably travels up the brickwork 
and attacks the plates. Where the dampness cannot be re- 
moved, it is advisable to cut off the contact between the platea 
and the brickwork, by supporting the boiler on cast-iron saddles 
and a longitudinal oast-iron carrier, which need not exceed one 
inch in width, and can be taken the whole length required. 

The front cross walls of interaaUy fired boilers are often 
made of excessive thickness, being sometimes as much as 3 feet, 
and built round and made to conceal the blow-out pipe and 
attachment, which are thus rigidly built up and rendered liable 
to break. As the boiler is supposed to rest upon the midfeather 
or side walls, the front cross wall, or at least the top of it in 
contact with the plates, need scarcely ever be more than 4^ 
inches thick, and it should always be built round behind the 
blow-out pipe attachment, which is thus placed in an open 
recess in the wall accessible for inspection, and not rendered so 
liable fb fracture. Even with a 4i-ineh wall there is still a 
risk of corrosion if the ground be damp, or the water from the 
blow-out tap be not led away by a waste pipe, but is allowed 
to splash back against the front cross wall, as is too often 
the case. 

When the ground is of so damp a nature, from situation or 
formation, that the moisture from it passes up the front cross 
wall, the only means of saving the boiler is to interpose loose 
plates between the wall and the shell, which become corroded 
instead of the boiler plates. 

It is a common practice to allow the front end angle iron of 
Cornish and Lancashire boilers to rest on this front cross waP 
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This has the duadvantage of oonoealuig auy leakage or defects 
at the angle iron. The front wall is therefore better kept dear 
of the angle iron, that is, the front end plate should project 4 
or 5 inches bejond the waU. The front end plates of Lanca- 
shire and similar boilers are Tery often severely corroded ex- 
ternally at the floor line by the water that always finds its way 
here from one sonrce or another. The boiler shoold, therefore, 
always be arranged with the front end plate dear above the floor. 
In order that. this may not interfere too mnch with the facility 
of firing, the floor may often with advantage be inclined or let 
down to soit. 

The practice of slacking the hot ashes against the front end 
plate is a very common sooroe of corrosion above the floor line. 
Where there is good reason for adopting this practice it will be 
advisable to protect the front plate by a soitable sheet iron 
goard. 

The aide wall bearings on which internally fired boilers are 
now usually supported, and to some extent externally fired 
boilers also, are frequently made of exoeasiye width, from 15 
to 20 inches being not uncommon. Now, 3 or 4 indies of 
bearing surface to each wall is quite suffident for ordinary-sized 
boilers, or as a rule from i" to 1" of total bearing surface per 
foot diameter of boiler. 

In order to allow the escape from the plates of any water 
flowing down the shell sides, the side wall bearings should be 
made of fire lumps, as shown in &g. 22, rather than made after 
the old fashion, as in fig. 21. This last plan leaves the water 
no choice but to cling to the plates in finding its lowest level, 
and often leads to serious corrosion. CSare should always be 
taken to keep the longitudinal seams well dear of the seating. 
Another indirect source of corrosion sometimes met with is the 
extremely narrow space allowed at the top of the side flues of 
many boilers. When this space is only an inch or two wide, it 
cannot well be cleaned. The soot accumulates and becomes 
hard, and then retains moisture in contact with the plates, 
which sooner or later may cause serious corrosion all along the 
boiler where it is seldom suspected. 

The back and front ends of externally fired boilers are not 
unfrequently set in a mass of brickwork, which is apt to keep 
mointure in contact with the plates. No reason for this prac- 
tice can be given. It is usually done through ignorance on the 
'^i the builder or draftsman, or from want of constructive 
\ the part of the brick«setter. When these boilers are 
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suspended from side brackets with a flash-flue arrangement, it 
is not unusual to find a belting of brickwork 18 or 24 inches 

Fig. 21. 




thick, and even more, in contact with the plates. This arrange- 
ment is obviously liable to harbour a quantity of moisture, 

Fig. 22. 




K 3 
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whose damaging effects on the plates are placed beyond detec- 
tion nnlesB the brickwork is periodically removed. 

The plan of carrying a thick cross wall over the front end of 
internally fired boilers, and also of coveriDg the front end plate 
> with brickwork to prevent radiation, is apt to lead to wasting 
it these parts, and should not be adopted. 

Vertical famaoe boilers are sometimes found built into walls, 
and seated on a mass of brickwork, which retain the moisture 
and lead to a rapid wasting of the plates. The practice of 
lining with fire bricks the internal flue tubes of upright furnace 
boilers, has been found destructive to the plates by keeping the 
water in contact with them. When it is necessary to apply 
this brick lining, in order to protect the plates from overheating 
where the tube passes through the steam space, or from burning 
where the flame impinges, it is advisable not to build the brick- 
work in contact with the tube, but to preserve an annular space 
to allow the water from leakage and other sources to run down 
and escape. 

Corrosion is met with in the furnace tubes of internally fired 
boilers, beneath the heavy bridge of brickwork, so often need- 
lessly built upon the tube bottom. These bridges are as well 
supported, and more easily removed, when built upon metal 
bridge carriers. 

Leakage at the riveted joints in any part of a boiler may be 
due to bad workmanship. When caulking and the insertion of 
new rivets will not cure the leakage, the holes should be care- 
fully rimered out afresh, and larger rivets put in ; at the same 
time the edges of the plates may be dressed and recaulked. 
Too much lap is very often the cause of the difficulty in making 
a tight joint, especially at the furnace plates. New boilers often 
leak at the seams when set to work, after having been tested 
and found tight at the maker's. This may be due to rough 
usage in removing the boiler and fixing it, or to the expansion 
of the plates in actual work being different from that produced 
by the test. A difference in the nature of the feed water has 
sometimes a remarkable efi'ect in making boilers leak at the 
riveted joints below the water line. A boiler may be quite 
tight with one kind of water, and yet leak badly with another 
kind. When this is the case, it is generally found that a com- 
paratively pure water has been changed for brackish water, or 
one containing much carbonate of lime, the use of which is 
attended with a higher temperature of the furnace and flue 
plates, and consequently a greater local expansion. Leakage la 
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often produced at the furnace and flue seams of many boilers 
by getting up steam too quickly. The leakage in this case is 
chiefly due to the unequal expansion of the material, one part 
of the boiler being hot whilst the rest remains cool. Leakage 
from this cause is most common in boilers having a bad circu- 
lation. 

Leakage at the ring seams, especially of externally fired 
boilers, is very often caused by delivering the cold feed water 
right on to the hot platesr ; sometimes the feed pipe delivers 
light on to a seam. It has more than once been questioned by 
those who will not be advised to introduce the feed in a proper 
manner, whether the introduction of the cold feed water down- 
wards through a vertical pipe, the end of which is some 24 
inches above the plates, can have any effect in suddenly con- 
tracting them. This, of course, will depend upon the force 
with which the water is injected. In cases where a range of 
half a dozen or more boilers is supplied by a donkey pump suffi- 
cient to feed all at once, there can be little doubt that when 
only one boiler is being fed at a time the' water will be injected 
witJi sufficient force to reach the plates even more than 24 inches 
below the end of the pipe, without having much heat imparted 
to it in its downward course through the hot water in the boiler. 
In such cases the fracture of the plates beneath the pipe is not 
an unusual occurrence. 

One of the most common causes of leakage all along the 
undw side of boilers, and also at the tube plates, is the reckless 
practice of emptying the boiler while still hot, and filling it with 
cold water, at the same time leaving the damper wide open and 
removing the flue doors, in order to cool the boUer rapidly for 
cleaning. The sudden contraction of the furnace and flue plates 
thus produced has been the ruin of hundreds of boilers. The 
equal contraction of the bottom plates of externally fired boilers 
is sometimes resisted by the plate edges or suspending brackets 
butting against the solid masonry : fracture in these cases is the 
common result. 

Internally fired tubular boilers, without external fluM, and 
usually made with a cluster of small tubes at the back end, are 
invariably found to corrode and groove externally along the 
shell bottom at the ring seams, in consequence of the leakage 
caused by the unequal expansion of the top and bottom of the 
boiler, and also of the flue tubes and the shelL This inequality 
is due in great measure to defective circulation, and to the 
unavoidable difference in temperature between the internal flues 
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and shell crown on the one hand and the shell bottom on the 
other. The best and perhaps only means of preventing this 
leaking aud grooving in to apply external flues leading the gases 
flr<»t nnder the boiler bottom before entering the side flues, aud 
to allow some spring in the end plate. 

Boilers of the locomotive class are without external flues, and 
yet do not usually leak at the bottom when the shell is free to 
expand. The reason of this is that the circulation is favoured 
by the construction of this class of boiler, which admits of the 
tubes being brought near the shell bottom ; at the same time 
the water at the lowest part of the boiler — ^the flrebox — is 
heated. Any severe leakage at the transverse seams of loco- 
motive boilers can generally be traced to the interference of the 
end contraction and expansion by some of the barbarous styles 
of staying the boiler to the frames, which, unfortunately, to 
some extent still exist. 

The strain along the bottom of long Cornish and Lancashire 
boilers produced by the expansion of the bottom compared with 
the top, and the still greater expansiou of the through tubes, 
sometimes results in fracture at the ring seams, and very fi^e- 
quently leads to leakage, which has the effect of grooving the 
bottom plates in a characteristic manner at the edges of the 
transverse seams. The rapidity with which this grooving occurR, 
and other evidences of the intensity of the chemical action, can 
only be accounted for by the presence of some strong acid, aud 
there can be little doubt that the sulphurous and other acids 
from the coal are the principal elements of destruction. Water 
i^ considered capable of absorbing 30 times its volume of sul« 
phurouB acid ; and when this acid is given off abundantly by 
coals containing pyrites, the rapid grooving at the ring seams is 
not difficult to account for when the boiler leaks at the bottofn. 
The unequal expansion and contraction which produce the 
leakage can nearly always be traced to defective cirulHtion, 
either from the cold feed water being introduced at the bottom, 
or else, in the case of Lancashire boilers, from the side and 
middle water spaces being too narrow. These defects can be 
remedied by heating the feed water ; by introducing it just 
below the water level, where it should be well distributed ; and 
by improving the circulation by the addition of vertical water 
tubes when the side and middle water spaces are too cramped. 

The riveted joints in the furnace tubes of internally ^red 
tubular boilers are liable to leak, and cause corrosion and 
grooving on the flre-side of the tubes when these are bound to 
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each other or to the shell by plate-stays, and are thus prevented 
from breathiug freely. These stays are needlessly introduced 
by some makers to support the tubes, and are sometimes rigidly 
attached to streugthening angle irons round them. They are a 
source of much trouble by causi/ig the tubes and shells to leak, 
and they frequently lead to fractures in the plates. 

Combustion-chambers and tube-plates are often corroded 
by the leakage from the small tubes, tn many boilers of the 
locomotive class the tubes are caused to leak by the rigid 
manner in which the tube-plate at the fire end is fixed from the 
staying of the fire-box crown. The want of freedom in the tube- 
plate to expand and contract causes the tube-holes to become oval, 
after which it is almost impossible to prevent leakage. The distor- 
tion of the tube-holes is sometimes caused by the excessive 
pressure concentrated upon the tube-plate by the girder-stays 
that support the furnace or combustion-chamber crown. These 
girder-stays should be attached by sling-stays to the shell- 
crown. Too great rigidity may be avoided by slightly slanting 
the sl);ig-stays. Tubes are often caused to leak by attempting 
to get up the steam too quickly, or by blowing out the boiler 
while the plates and tubes are still at a high temperature. 

Wasting from severe leakage is very common at the bottom 
comers of the fire-boxes in boilers of the locomotive class. This 
is of cen produced by the difficulty found in making a good joint 
at the sharp comers, which are generally made of a radius too 
small to get a rivet through at the comer. In order to avoid 
the defect in question some makers double-rivet the fire-box 
bottom either all along or merely at the comers ; others make 
the comer of the inside to a radius large enough to get rivets 
through, and so draw the plate to the ring all round. 

External corrosion from leakage takes place round manholes 
and mudholes without mouth-pieces from the difficulty found 
in keeping the joints tight, and at washout-plugs and mud- 
plugs from defective threads. These threads, when formed 
merely on the plate, are soon worn off by screwing and un- 
screwing the plug, and by the iron rods passed through the holes 
for the purpose of cleaning. These holes should, therefore, be 
arranged with mouth-pieces having a male instead of a female 
screw. 

The various kinds of fractures to be met with may be divided 
into two classes, viz. : 1, those caused by want of freedom in 
the plates to expand and contract, by the unequal expansion of 
the material in different parts of the boiler, and by too sudden 
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expansion and contraction ; 2, those caused by weakness and 
inability of the material to bear the steam pressure, and which 
may be due to bad workmanship, originally bad material, or 
deterioration of material originally good, malconstruction, 
injudicious repairs, corrosion, overheating, and fatigue arising 
from long exposure to variations of pressure. 

There are probably no fracturt^s of such frequent occurrence 
as those found at the lap joints of the furnace-plates in exter- 
nally fired boilers. They are most common at the transverse 
seams between the end of the boiler and the bridge, yet are 
frequently met with at the longitudinal seams, and also at 
the segmental seams at the hemispherical ends, where these are 
exposed to the action of the fire. The fractures are most com- 
mon from the holes to the edge of the plate in the outside lap, 
where they may not be actually dangerous at first, but are 
very troublesome and cause much annoyance and expense 
through the delay and repairs they necessitate. They are 
usually scarcely visible at first, but in time become more open, 
and give rise to leakage, which is generally the means of 
drawing attention to their presence. In time these lap-edge 
fractures often pass through the rivet hoks into the body of the 
plate, where they are likely to prove very dangerous if their 
progress be not arrested by drilling holes and placing second 
rivets in their path, which generally proves efiisctive. When 
the fractures run in a line through the rivet holes, either at the 
longitudinal or transverse seams in the shell, they must be 
regarded as dangerous, and carefully watched. Plates of good 
quality will leak at the fractures, and give indication of dang^ 
where brittle plates would give way suddenly without warning. 
The liability to fracture in the furnaces of all boilers is greater 
with thick than with thin plates. 

The lap-joints in the shells of furnace boilers opposite the 
furnace throat, and also the lap and T-iron butt joints in the 
furnace tubes of internally fired boilers, are liable to the same 
descriptions of fracture, but especially to those from the holes 
to edge of plate. These lap edge fractures are generally, 
ascribed to the overheating caused by the impingement of the 
flame against the double thickness of plate at the lap. But it 
is clear that the greater heat at these parts would cause an 
increased expansion that would have the effect of compressing 
the material, instead of extending it, and thereby causing frac- 
ture. Against this theory it may be stated, that the seams over 
the bridge which are most exposed to the impingement of the 
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flame are very seldom found to fracture. The actual cause of 
fracture at these faruace-plate joints appears to be the sudden 
loDgitudinal and circumferential contraction on cooling every 
time a current of cold air strikes against the plates. If we 
consider the effect of the heat on the ring seams, it is evident 
that the greater the thickness of plate, the greater will be the 
elevation of temperature and tendency to expand at the joint. 
Regarding the double thickness of plates at the lap as an arch, 
whether concave or convex to the fire, the expansion will find 
full play in gradually increasing the height of the arch either 
upwards or downwards, as the case may be. The form of the 
expanded cylinder will of course be modified by the internal 
pressure. On the current of cold air coming in contact with the 
joint in its expanded state, the effect of the sudden reduction of 
temperature will be to throw a sudden tensile strain on the out- 
side plate of the lap. This contraction is resisted by the inner 
plate, which still retains the form due to its higher temperature, 
and fracture from the rivet hole to the edge of the plate is the 
inevitable result if the ductility or elasticity of the iron be too 
severely taxed. After a certain amount of expansion and con- 
traction even the very best plates become brittle, and fracture 
from the rivet holes to the edge of the plate. Fracture through 
the line of rivet holes at the transverse seams is caused by a 
longitudinal tensile strain acting in a somewhat similar manner. 
Fractures of both kinds at the longitudinal seams over the fire 
are also caused somewhat after the manner just described. 

Many cases of fracture are met with which, on account of 
their protected position, cannot at first sight be accounted for 
by the cooling action we have just considered. Such, for 
instance, as the ed^e fractures in the longitudinal lap joints 
placed just above the fire-bars of some internally fired boilers. 
Since the fractures here are placed in the fire, they cannot have 
been caused by the air currents through the furnace door. 1 et 
boing just above the bars, the joiiits are liable to have a strong 
jet of cold air suddenly let in upon them when the hot fuel is 
removed on stirring or cleaning the fire, processes that must be 
repeatedly performed with any description of coal that yields 
much clinker. 

Again, it would appear, at first sight, that the edge frac- 
inrea that so frequently occur at the outside laps in the shells of 
some descriptions of furnace boilers, just opposite the furnace 
throat, are out of reach of any rudi of cold air, being so far 
from the proper air-entrance by the fupiaoe door. Tet it is 
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tolerably certain that these fractures occur on the removal, by 
accident or intention, of the brickwork near the place where 
the fractures occur, while the plates are still at a high tem- 
perature. 

It has been attempted to explain the occurrence of these 
fractures by assuming that the intense heat and ebullition pre- 
vent the contact between the plate and the water. When the 
heat subsides, the water coming iu contact with the overheated 
plate causes it suddenly to contract and fracture. This might 
certainly account for a fractuse at the inner plate at the lap, 
but not in the outer plate. That fractures in the body of the 
plate occur in this manner is extremely probable. 

The production of fractures after the manner described is 
aided by the tendency of furnace plates to become permanently 
shortened after oft-repeated heating and cooling. 

As to the means for preventing these fractures, at the seams 
of riveting, in furnace boilers, the only method to ensiure suc- 
cess is to guard the plates from both the heat and the cold air by 
a shield of brickwork, which, however, should be arranged so 
as not to harbour moisture against the plates. 

With externally fired boilers the liability to fracture at the 
laps increases as the fire is approached to the boiler bottom. By 
lowering the height of the bars, which diminishes l^e intensity 
of the heat from radiation and at the same time allows the air 
to diffuse itself, a partial remedy can in most cases be effected. 
Attempts have been made to prevent the rush of cold air on 
opening the fire-door for stoking, by employing some self-acting 
apparatus to dose the damper as the door is opened. This 
plan, however, interferes with the process of combustion, and is 
productive of smoke. Deflecting arches inside the fire-door, to 
direct the entering cold air on to the fire, instead of allowing it 
to rush straight at the plates, have also been tried with partial 
success. But the trouble of keeping these deflectors in repair 
leads to their disuse. The best and simplest means is to dis- 
pense with the transverse laps over the fire altogether, so as to 
do away with the excessive expansion and sudden contraction 
they give rise to from the thickness of iron their use involves. 
This can best be done by keeping the second ring seam behind 
the bridge by using a long plate over the fire. Before the air 
reaches this, it will be sufficiently heated not to act injuriously 
on the plate at the joint. This plate must be sufficiently wide 
to keep the longitudinal seams out of reach of the fire and cold 
air. The objections to this arrangement are the increased cost 
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involved in nsing such a lai^e plate, and the long unbroken 
length of longitudinal seam it forms, which must be a source of 
weakness. This can, however, be partially compensated for by 
double riveting. 

In order to prevent the liability to fracture in boilers with 
internal furnace tubes, the ring seams should be as few as pos- 
sible, and made with '^ Adamson " flanges. The longitudinal 
seams should always be kept below the fire-bars. 

Fractures of a dangerous nature, and which may be regarded 
as one of the commonest causes of explosion, take place at the 
ring beams of externally fired boilers, near mid-length, where 
no cold air can reach them. These fractures usually run through 
the rivet holes at the inner plate of the lap, and are brought 
about in boilers of moderate length by the sudden contraction 
of the plates consequent upon the cooling effect of having the 
feed delivered directly on to them, or of letting in cold water or 
air on the hot plates too soon after the boiler is emptied for 
cleaning. The quautity of brickwork in which these boilers are 
often imbedded, and the awkward manner in which they are 
sometimes supported by an unnecessary number of carrying 
brackets, must greatly interfere with their freedom to contract 
equally throughout their length, and in such cases even a cold 
current of air let in on the shell bottom, after the fire is drawn 
and the boiler is empty, is sufficient to produpe a large trans- 
verse seam rip. In very long boilers the expansion of the 
bottom when at work would cause the shell to arch upwards as 
much as half an inch, or even more;, at the ends, were this elevating 
tendency not resisted by the weight of water in the boiler. The 
arching is however sufficient to throw the whole weight of the 
boiler for a time on the middle supports, and after a length of 
service the contraction that takes place more or less in all plates 
subjected to alternate heating and cooling is sufficient to arch 
the boiler upwards in the middle when cold, thus lifting it dear 
of its middle supports, and throwing such a tensile strain on the 
bottom plates as to cause a transverse seam rip. 

The expansion and its effects in all cases will of course be 
increased when the furnace and fine plates become partially 
overheated through being covered- internally with a thick coating 
of incrustation, or when the water is very greasy, and contains 
carbouate of lime in considerable quantity. 

The flat ends of shells and tubes are liable to fracture through 
the rivet holes, or through the comers of the angle irons or flanges 
securing them, either fur want of sufficient stiffiiess or from 
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being too rigid, in the same manner that we acoounted for 
iutemal end plates grooving. 

The same causes that lead to grooving may also lead to 
fracture, directly or else indirectly, by weakening the plate suffi- 
dently for the steam pressure to complete the destruction. 

A common example of fracture from unequal expansion ia 
found in the long vertical chimney boilers used in connection 
with forges and iron furnaces. These are like a Cornish boiler 
placed on end, the flue-tube being out of the centre to allow 
more space for cleaning, &c., leaving only about 6 inches 
between the tube and shell The expansion of the tube is 
found in some cases to exceed that of the shell by fully half an 
inch. This necessarily throws an enormous strain on the end 
angle irons and rivets, resulting after a brief service in fracture 
through the rivet holes, angle iron, or plate round the edge of 
the angle iron. Were the bottom of the flue-tube in a 
Coruiah boiler exposed to as much heat as the crown, many of 
these boilers as at present constrticted could not be worked for 
the trouble and danger that would result from the rigidity of 
the end plate bottom. 

The furnace crowns of small vertical boilers, when crowded 
with small tubes^ are rendered too rigid and liable to fracture, 
as well as to groove, at the flange or angle iron securing the 
crown to the furnace. The rigidity is sometimes increased by 
dishing the crown plate, and the liability to fracture is conse- 
quently increased. 

Many disastrous explosions have occurred, especially with 
externally fired boilers fracturing, immediately after repairs, at 
the longitudinal or transverse seams, through the lines of rivet 
holes where new plates have been joined to the old, or where 
the plates have been repaired with patches riveted or bolted on. 

Many improbable causes have been assigned for these acci- 
dents ; but the true solution of the mystery lies in the fact that 
the old plates are very often severely fractured by the clumsy 
manner in which the rivet heads are knocked off and the rivets 
forced out of the holes. Then, on putting on the new plates, 
the reckless use of the drift completes the mischief, and the 
joint is ready to part with a strain far below the working 
pressure of the boiler. Many of the numerous causes of frac- . 
tures at the rivet holes alresuly considered are assisted to an 
unknown extent by bad workmanship combined with brittle 
material. Nothing but the strictest supervision, and the em- 
ployment of really skilful workmen, can overcome this eviL 
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Bat when boilers are ooiutantly being bougbt at a prioe barely 
sufficient to pay for the plates of proper quality it Troukl be 
hopeless to expect first-rate and trustworthy work. . 

In boilers of the locomotive class fractures often occur in the 
firebox tube plate, either at the roots of the flanges or through 
the material between the tubes, in consequence of want of 
freedom to expand and contract, or from suflden contraction. 
The liability, to fracture at the flanges is greatly increased by 
making them with too sharp a bend. 

Overheating may take place, and be confined to a very 
limited area, or it may extend over a large surface. Examples 
of fractures caused by overheating are most common in exter- 
nally fired boilers. The causes which directly or indirectly lead 
to overheating are treated of in the chapter on ''Explosions." 
When severe local overheating of any kind occurs in the body 
of a plate, the material softens, and bulging outwards from the 
pressure sometimes forms a pocket, which is eventually fractured 
by the pressure itself or by the contraction on the plate cooling 
down. 

When fractures arise in a plate that has been so intensely 
heated as to drive the water off the surface, they may have been 
caused either by the pressure overcoming the tensional resist- 
ance of the softened plate, or by contraction on the water 
coming again iu contact. 

An effect of overheating but rarely met with is found in the 
fretting and partial fracturing of the outside surface of thick 
plates when exposed to an intense heat, as when a large body of 
flame becames concentrated and impinges on a limited surface. 
In such a case the outer surface of the plate is subject to much 
greater variations in temperature than the inner layers of the 
plate, and deteriorates more rapidly. It is also probable that 
the cracking of the outer face is in great measure due to 
the presence of corrosive gases given off by the burning 
fueL 

When a furnace plate is laminated, it is very liable to over- 
heating on the outer surface in consequence of the increased 
resistance the want of solidity offers to the thermal conduction. 
The overheating causes the outer shell to bulge and form a 
blister, which sooner or later fractures either at the apex, when 
the thickness of the skin is uniform, or at their edge, when it is 
thinnest here, and offers the least resistance to breaking. 

Fractures from overheating are very common between the 
stays in the flat surfaces of locomotive fireboxes. These are 
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caused solely by the softened plates bulging and yielding to the 
pressure. 

Some of the plans that have been used for admitting air 
behind the bridge for smoke prevention have led to serious 
trouble from the alternate heating and cooling effect the air 
produces at various stages of the combustion, especially where 
the current of ait has been allowed to impinge in considerable 
Yolttme against the furnace plates. • 



CHAPTER X. 

FACTOR OF SAFETY. 

In seeking to determine the proper co-efficient or factor of 
safety to use for the testing and working pressures of a boiler, 
or in other words to decide what ratio these pressures should 
bear to the ultimate strength, to provide against defects arising 
out of wear and tear, as well as original defects of workmanship 
and material, we must ascertain the manner in which the boiler 
is strained and the power of the material to resist the strains 
under ordinary working conditions. In the case of a cylindrical 
boiler it is usually taken for granted that the fluid pressure and 
diameter on the one side, and the ultimate breaking strength of 
the plates or joints on the other side, are the only elements to 
be considered, and that the bursting strength as estimated from 
these data divided by proper factors of safety, usually 6 and 3, 
should give the working and testing pressures respectively. 
Now, in the first place, in many cases the steam pressure is not 
the greatest force the boiler has to withstand, and any increase 
of thickness in the plates, by its tendency to increase the strain^ 
arising from the sudden or unequal expansion and contraction, 
may be the means of weakening the boiler instead of strength- 
ening it. The effect of these strains on the boiler should, there- 
fore, always be considered in estimating its strength. In the 
second place, the method of fixing the factors of safety from 
the original ultimate tensile strength of the material alone can 
only be considered satisfactory if the strength, elasticity, and 
ductility of the material remain unchanged under all conditions 
of working and testing. We also require to know what strain 
the material will stand without producing such change of form 
or size as may be detrimental to the efficiency of the structure, 
and how the strength and . character of the material is affected 
after long exposure to trying work. 

K we submit a straight bar or plate of good wrought iron of re- 
gular section to a steady tensile strain, it will up to a certain point 
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be found to stretch uniformly about y^^^j^ part of its length for 
every ton per square inch of sectional area applied. If the bar 
returned fully and perfectly to its original length on the removal 
of the load, its elasticity would be said to be perfect. This 
theoretically perfect elasticity is not attainable, and it is pro- 
bable that, if we had suflSciently accurate and delicate means of 
measuring the bar, it would be found to be permanently elon- 
gated by the smsdlest loads if permitted to act for a length 
of time ; but for practical purposes the elasticity may be con- 
sidered perfect up to loads of 3 or 4 tons per square inch, and 
with good wrought iron the permanent set is so slight for loads 
below the limit of 10 or 12 tons per square inch, or about one- 
half the breaking weight, as not to be sensibly felt in a boiler 
shell Besides, with these small loads the permanent set will 
not be increased by any number of repeated applications of the 
same load, and it may therefore be considered as being consistent 
with perfect safety. But when the stress exceeds the above 
limit, it will be found that the set is increased by repeated ap- 
plications of the same or even a less load, provided that time be 
allowed for it to act, and the limit of elasticity of the material 
is now said to haye been exceeded. The limit of elasticity may 
then be defined as the greatest stress tfaut can be applied without 
producing an increased set by repeated applications. The 
amount of elongation produced by a load exceeding the elastic 
limit will render the iron useless in most structures, and espe- 
cially in a steam boiler, where the tightness of the joints will 
become destroyed even before such a strain can be reached. It 
is therefore evident that we must be guided directly by the 
elastic limit of the material, and not by its ultimate breaking 
strength, in deciding upon the stress we can safely subject a 
boiler to. For mild steel the elastic limit may be taken at 
16 tons. 

K we continue to stretch our bar by increasing the load until 
it tears asunder, and then restretch the broken pieces, we shall 
find that they will bear as great a load, or even greater than 
in the first instance, showing that the actual breaking strength 
is not reduced by a strain little short of that sufficient to 
produce fracture. But the character of the iron will have been 
changed, inasmuch as in the first instance the entire bar would 
be drawn out considerably before breaking, whereas in the fol- 
lowing breakages the pieces will be found to break short off 
with comparativ^y little reduction of fract^ed area, exhibiting 
iu consequence a more crystalline fractnre. They will be less 
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able to stand a audden strain, althongh their limit of elasticity 
ivill have been increased. 

19 ow, it is extremely probable that the hardness which is 
induced by a severe dead weight acting for a short length of 
time may be produced by a very much less stress oft repeated 
and suddenly applied. This may explain why boiler plate, 
originally good and ductile, has been found after long service to 
become hard and brittle, more especially when it has been ex- 
posed to severe strains, as in the part of a shell having a large 
bole out in for the dome, in some furnaces, or in locomotive 
boiler barrels connected rigidly to the frames. In additioS to 
the comparatively constant and steady steam pressure, it must 
not be forgotten that many boiler shells are subject to severe 
shocks from the sudden opening and shutting of valves, as well 
as to severe tensile strains arising from the contraction caused by 
the sudden impingement of cold water or air against the hot plates. 

The limit of elasticity of wrought iron is materially affected 
by the number of times the application of the load is repeated, 
and also by the difference between the constant load on the 
material and the increment of load that is applied, as well as 
by the length of time the constant and variable stresses act. 
From the results of carefully conducted experiments by various 
authorities, and from general experience in boiler practice, it 
may be concluded that the limit of elasticity for boiler plates 
may be safely taken at 10 tons per square inch of nett section ; 
but to allow for contingencies it should not be taken at more 
than -| the breaking strength of the joints, which is the limit of 
test pressure to which a new boiler should be strained. This 
test pressure may also be safely applied to an old boiler whose, 
plates have been exposed only to tensile strains, although they 
may have varied in intensity many times a day from variations 
of temperature and pressure. But before such a test is applied 
to an old boiler its condition must be satisfactorily ascertained 
by thorough examination of every part both inside and out. 
Such an examination can, however, only be carried out in 
certain kinds of boilers, and these require to be completely 
bared and cleaned for the purpose. Any loss of strength by 
wasting or grooving of plates, angle irons, rivets, or stays must 
of course be allowed for in estimating the strength. It may be 
remarked that the actual strength of a boiler may not be im- 
paired by a wasting in the body of the plate away from the 
joints, so long as the remaining section is not less than the 
nett geotion through the line of rivet holes. 
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When the condition of the boiler after being used for a 
number of years cannot be satisfactorily ascertained, the testing 
pressure should not exceed one-fourth the estimated ultimate 
strength of the joints and stays. 

The plates of some boilers are exposed to severe compressive 
as well as tensile strains, as in the shells of many long exter- 
nally fired boilers, and in the barrels of some locomotive boilers 
rigidly attached to the frames. In such cases after long wear 
the tensile strength of the iron is greatly reduced, and the* 
material is rendered brittle ; but we are in want of information 
as to its effect on the limit of elasticity. It is, however, pro- 
bable that the limit of elasticity is not reduced in the same pro- 
portion as the ultimate strength of the material, and the same 
factors of safety as above given may be used for the test 
pressure, provided that it be gradually applied and the plates 
are not thrown into vibration by hammering or jarring of any 
kind. 

In deciding upon the proper factor of safety to use for the 
working pressure we must be guided by circumstances. For a 
boiler that is thoroughly examined at regular intervals, and 
whose condition is satisfactorily known, we should be justified 
in allowing a less margin of safety than with a boiler that is 
allowed to work without being examined for a length of time, 
extending perhaps over several years, during which its strength 
•may become considerably reduced. In the former case there 
would be much less risk in using a factor of safety of only 3 
for the working pressure,, than in allowing as large a factor of 
6 in the latter case. Again, for boilers that are periodically 
examined we may safely use a less factor of safety when we 
can depend upon the non-corrosive action of the feed water, 
dry condition of the flues and surroundings, and uniformity of 
strain, than when the reverse of these conditions is known to 
exist. 

As a nde we may use for the working pressure of new boilers, 
or those whose condition is known and regularly ascertained at 
intervab of from 6 to 12 months, a factor of safety of 6 or 
even somewhat less, and for those whose condition is not so 
well known a factor of 6 or 8, according as the nature of each 
case may demand. 

Since the strength of cylindrical flue tubes decreases as 
the square of the reduction of thickness, whilst the strength of 
the shell decreases simply as the reduction of thickness, a larger 
margin of safety for wear should be allowed for the former. 



CHAPTER XI. 

TESTING. 

Thb only means we have of ascertaining with any degree of 
certainty the safety of a boiler, is by the application of pressure, 
which should be under conditions as similar as practicable to 
those of actual work. Let a boiler be ever so carefully de- 
signed and constructed according to the knowledge acquired by 
careful research and long experience in the strength and dis- 
position of its materials, and let every plate be tested before it 
is put in, there will still remain an element of doubt as to the 
actual strength of the boiler since the material may have sus- 
tained injuries in the process of construction which have 
escaped detection. In the case of a new boiler, even by a first- 
rate maker, to say nothing of original and hidden flaws in thlB 
plates, bars, angle irons, and castings, there is always a possi- 
bility of defects such as bad welding, careless riveting, plates 
burnt in flanging or cracked in bending, and many other defects 
that may be traced to the want of skill or reckless negligence 
on the part of the workmen. 

Many cases of dangerous defects, which the strictest scrutiny 
of the completed boiler would fail to detect have been brought 
to light by the hydraulic test combined with careful inspection. 
The following may be given as examples. In a new boiler the 
rivet holes in some of the shell plates instead of being about 
^^ inch diameter were discovered to have been repunched 
and made 1 inch by \^ in order to get the f-inch rivets 
through the holes in the adjoining plate. The section of the 
adjoining plates through the line of rivets was thereby reduced 
14 or 15 per cent, more than necessary, and the strength was 
further diminished by the presence of incipient fractures pro- 
duced by the reckless use of the drift. The difficulty, or rather 
impossibility, of keeping the joint tight in testing by hydraulic 
pressure led to the discovery of these defects which were 
certainly dangerous. 
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. In anotlier case, tbe gusset plates of a Cornish boiler were 
found to be put in between the double-an^le irons on the ends, 
with the material between the holes and edge of the plate 
nearly all cut away. Such a defect would not be apparent to 
the eye, being completely concealed, nor to to the ear if tested 
by sound, yet its presence was revealed by the bulging of the 
plates on testing the boiler with water-pressure. 

These two cases indicate the possible unreliability of the mere 
internal inspection of a finished boiler, and show that boilers 
should always be carefully inspected during construction, as 
well as when completed and ready for work. 

There are matiy boilers which do not admit of anything like 
proper examination as, for example, locomotive boilers, which, as 
a rule, are worked with a less margin of safety than any other 
class. The expense of removing the tubes would alone forbid 
a perioiHcal examination of the barrel, and the water spaces 
round the firebox are almost entirely out of sight. Then, 
again, many forms of marine boilers and the entire small fry of 
portable, agricultural, and small crane boilers are so constructed 
that a thorough examination is out of the question. There are 
also boilers whose construction being unusual or irregular and 
complicated, defy even an approximate calculation of their 
strength being made. 

Kow, in all these cases there is only one means of testing the 
strength, and that is the application of pressure. The many 
ways in which this can be applied may be classed under two 
heads, viz,, by steam and by water. 

To those who have not been accustomed to it, it may appear 
the height of madness to test a boiler first by steam in order 
to ascertain if it be safe at 60 or 25 per cent, lower pressure, 
as the case may be. This however is to some extent done, but 
it was once the common practice at many of the boiler works 
and railway works throughout the country. This practice is 
neither more nor less than an attempt to explode a boiler in the 
repairing shed or boiler yard, to see whether it will not ex- 
plode on the line or at the works of the purchaser. Notwith- 
standing that hundreds or thousands of boilers have successfully 
passed through this ordeal, the danger of which is usually 
aggravated by caulking and hammering all the time at leaky 
rivets and joints, the principle is inherently bad, and no 
amount of success which hitherto may have attended it can 
render the practice juntifiable. 

In favour of testing by steam, it is argued that it is the only 



TESTING. 219 

method by which the conditions of strain can possibly be the 
same as thone under which the boiler is worked. No doubt 
this is in the main true, but the steam test should only be 
applied lafter the strength of the boiler has been ascertained by 
testing with water. * 

With regard to the various modes of testing by hydraulic 
pressure, that commonly adopted is to pump water in until the 
desired pressure be reached. The condition of the joints and 
rivets is then looked to, and any very conspicuous distortion or 
defect probably noted. This is on the face of it only a slip- 
shod and altogether unsatisfactory manner of making the test. 
Of course, it will depend upon the construction and size of the 
boiler, and existing circumstances of situation, accessibility, <fec., 
which is the best course to pursue in any given case. In re- 
testing boilers on their seating that have been some time at 
work, and whose condition has previously, but at no distant 
period, been ascertained by careful test and examination, the re- 
testing will be sufficiently satisfactory, if, when the pressure is 
put on the gauge remains stationary, thereby indicating the* 
absence of leakage. At the same time, it is always advisable to 
examine the flues and rest of the boiler that may be accessible 
whilst the pressure is on. 

In testing a new boiler, before the pressmre is applied, the 
various parts should be measured and gauged, and the results 
carefully noted. In Cornish and Lancashire boilers each belting 
of plates of which the internal tubes are made up should be 
accurately gauged across the diameter, both vertically and 
horizontally, particularly if the tubes are somewhat oval. The 
exact spots where the measurements are taken are best in- 
dicated with accuracy, by marking them with a centre punch 
and the dimensions at each place should be written on the 
plate or othewise carefully noted for checking when the pres- 
sure is on. Sometimes, however, the more troublesome plan is 
used of making a separate rod gauge for each measurement. 

It is very troublesome and difficult to measure and re- 
measure the circumference of a large boiler shell with any 
degree of accuracy by steel tape lines or other means. The 
amount of permanent set in cylindrical shells is usually so slight 
when the boiler is not injured by the test, as to be scarcely per- 
ceptible with the rough means employed to measure it. Most 
attempts to carrying out the system of gauging the droum- 
ference have in consequence proved unsatisfactory, and have 
been abandoned after a short trial The effect of the pressure 

L 2 
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on flat- surfaces, stayed or unstayed, however, admits of accu- 
rate measurement i^ith simple appliances and with little trouble. 

After the test pressure has been maintained some time, the 
measurements previously obtained should be checked, and any 
extension, distortion, bulging, (be, carefully noted. Then, 
again, when the pressure is relaxed, which may be done sud- 
denly, it should be ascertained whether any changes of shape 
that may have been found axe permanent or not. If there be 
any permanent enlargement or distortion, even of the slightest 
degree, it should be satisfactorily examined to decide whether 
it is due to the elastic limit of the material having been ex- 
ceeded or to mal-construction. There are cases, as, for instance, 
with fiat suifaces, where a permanent set might take place and 
which would be quite safe at the ordinary working pressure. 
This is especially the case with stayed surfaces, for it seldom 
happens that each stay in a series takes its due proportion of 
load until the stays have been stretched or the plates distorted 
by the pressure. 

But cases of a permanent flue tube distortion or flattening, 
must always be treated with the greatest caution, since the 
change of shape is liable to become aggravated on a subsequent 
application of the same or even a less pressure. In all cases 
where a permanent set is discovered, the test should be repeated 
again and again if necessary, to ascertain if the set becomes 
increased. 

Some advocate the method of marking the leaky seams and 
rivets when the fiill pressure is on, and then reducing the pres- 
sure for caulking. This may appear, however, an unnecessary 
precaution when testing with water, yet it should alw^ays be 
rigidly carried out when testing by steam. The jarring caused 
by the caulking is no doubt liable to start the seams and cause 
fresh leakage when the shell is under severe stress, and in all 
cases it is perhaps better to reduce the pressure whilst the 
boiler is being caulked. 

Many recommend the employment of hot water for testing, ^ 
since it assimilates the conditions of stress to those the boiler is 
exposed to when at work. However, the nearer the heat 
approaches to the conditions of working, the less capable is the 
boiler of being gauged and examined, in consequence of the 
presence of the very heat that is recommended. This fact con- 
demns, in the writer's opinion, the method of using very hot 
water, as a hydraulic test is comparatively worthless Without 
careful examination at the same time. This objection to hot 
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testing applies most strongly to tubular boilers where the large 
tubes are likely to be the weakest portion of the structure, and 
should consequently be the most carefully examined under pres-» 
sure. Moreover, the effects produced by the uniform expansion^ 
of the whole boiler in using hot water for testing are in many 
cases very unlike the local expansion of the plates and 
other effects produced by the fire and hot gases. 

A plan has been proposed and in some few oases adopted of 
filling the boiler with water, closing every outlet and putting a 
firetoifc. As water expands about -^^ in volume in rising from 
60*^ to 212% the rise of temperature as the water becomes heated 
will cause a corresponding increase of pressure, and from the 
regularity with which the pressure rises the condition of the 
boiler can be decided, any jerks or starts of the gauge hand 
being considered to denote weakness, the soundness, on the other 
hand, being indicated by the steady rise of the pressure gauge. 
In using this method of testing, there will be some difficulty in 
regulating the fire so as to impart the heat in a uniform and 
regular manner, and also some difficulty in maintaining the tem- 
perature for any length of time exactly at the point to cor- 
respond with the desired pressure. The use of this plan would 
of course forbid the examination during the test, at leas 6 of the 
heating surface, and it is very doubtful whether the rise of 
pressure would be so irregular in most cases as to attract 
attention in the event of any portion becoming overstrained. 

It is most important that any permaneut increase of volume 
should be detected and the following plan for this has been 
proposed : After the boiler is filled, the quantity of water 
forced in to raise the pressure is accurately ascertained. On 
removing the pressure the boiler will contract more or less, and 
the amount of water forced out, if less than that forced in, will 
be considered to indicate a permanent dilation of volume. The 
air in the boiler, to say nothing of that present in the water 
which, however, could be removed temporarily by boiling, would 
in most cases destroy the accuracy of this test. In most boilers 
there are so many places for the air to lodge about the highest 
points as to cause its entire removal no easy matter. Besides, 
any leakage during the test would falsify the result obtained by 
measuring the water, and the springing of the plates on release 
of pressure would be apt to dislodge more than the amount of 
water due to contraction of volume alone. 

In whichever manner a boiler is tested, too great care cannot 
be exercised in obtaining the exact amount of pressure em- 
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ployed. The weighting of safety yalyes is quite unreliable 
when water pressure is used, and dial gauges are too apt to get 
•out of order to be implicitly trusted when only a single gauge 
is used. Several curious but serious accidents to boilers have 
happened through relying upon the indications of a single 
pressure gauge when testing by hydraulic pressure. 

Although a boiler cannot be exploded when water pressure 
alone is used, a few serious accidents have occurred from the 
springing of the plates on their giving way under hydraulic 
test. This is more likely to occur with steel than with iron 
plates. The spring upon the material, together with the ex- 
pansion of the compressed air have been known to* cause a steel 
plate to double right back when it has been firactured in testing. 

There are many who oppose the system of testing boilers by 
hydraulic pressure on the ground that it does not tell us the 
actual strength of the boiler after alL But the same objec- 
tion may be urged with equal force against the u»e of a steam 
test, and the reply to this objection is twofold : 1, the test is 
not meant for perfectly sound boilers, but for the detection of 
weakness, which is usually local, and if carefully conducted, the 
test gives us positive evidence of the presence or absence of such 
weakness, and of the safety of the boiler at the pressure it is 
intended to work at, so far as the pressure per se is concerned. 
2, In order to ascertain the actual strength of a boiler, we 
should have to burst it, or at any rate so far strain it as to 
render it worthless, which no sane person would demand for a 
boiler he intends working. 

There is, however, a more sensible argument that applies 
equally to steam and hydraulic tests, viz. : — A boiler may be 
strained without detection, beyond its elastic limit, either locally 
or generally by the test pressure, so as to render it unsafe at 
the lower working pressure ; or, in other words, a high test 
pressure may render a boiler unsafe which would otherwise have 
been safe at the lower pressure used in working it. It is feared 
that any weakness may be aggravated by the test without being 
disclosed by it. Such a case is certainly within the bounds of 
probability, and the fact of its posdbility should urge the 
expediency of dose inspection whilst the boiler is under pressure. 

The danger of seriously injuring the strength by using an 
excessive test pressure is most likely to occur in the case of 
tubular boilers, where the distortion of the large tubes becomes 
rapidly aggravated by a lower pressure than that to which the 
distortion in the first place may have been due. 
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We come now to the question, — How long should the test 
pressure be maintained ? On the one hand, by keeping it on aa 
short a time as possible any serious straining may be prevented 
and save a weak boiler, but on the other hand, by maintaining 
the pressure a considerable time — say half an hour or more, it 
may lead to the detection of weakness . which would otherwise 
escape unobserved. As to the first of these contingencies, a 
boiler, especially if new, should not be considered sound if 
unable to bear a pressure considerably in excess of its working 
pressure for a considerable length of time ; besides, a test of 
short duration is incompatible with efficient inspection. Want 
of tightness in the joints is often revealed by leakage, only 
after the pressure has been applied for some time. In expla- 
nation, it may be stated that the steam or water leaking from a 
joint does not always find its way between the plates imme- 
diately opposite the point of issue, but the actual source of 
the leakage, as we may call it, is at some point perhaps several 
inches distant, whence it requires a considerable time to force 
its way to the point where it makes its appearance. There can 
be no doubt that, from the manner in which boilers are usually 
put together, the internal pressure is not equally resisted by 
all parts of the shell, and produces an undue and . often very 
severe strain on one plate or portion of a plate. This is 
probably the cause of many leakages that occur, and which only 
''take up" after the plate becomes stretched and relieved of 
the extra strain, and it is therefore advisable in testing, to 
allow the pressure to act long enough to stretch such weak 
portions. 

As to whether a boiler is strained most severely by steam or 
by hydraulic pressure, this will be found to resolve itself almost 
entirely into a question of coDstruction. 

A boiler under steam is often strained, especially in a longi- 
tudinal direction, more by the greater dilation of the tubes 
compared with the sheU, or by the unequal expansion of the top 
and bottom of the shell than by the actual fluid pressure. In 
fact, it would not be difficult to design a boiler that would 
explode violently with 30 or 40 lbs. of steam pressure, and 
which would not be unduly strained by 200 or 300 lbs. of 
water pressure. The persistent leakage at the shell ring seams, 
along the bottom of horizontal internally fired boilers without 
external flues, is usually ascribed to the diflerence in temperature 
of the water and steam at the bottom and top of the boiler, but 
in some cases the leakage is principally caused by the longitu- 
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dinal strainiDg of the bottom of the shell, due to the greater 
expansion of the tubes, especially when the firing is forced in 
getting up steam after the boiler has been at rest. As this 
straining would not take place in testing the boiler by hydraulic 
pressure in the usual manner, this leakage would not be pro- 
duced. It follows from the above coosiderations, that a 
hydraulic test might fail to indicate weakness which would be 
produced and made apparent by steam pressure. 

It is often much more difficult to keep a boiler perfectly 
tight, and free from oozing at the rivets, plate edges, stays, and 
tube ends under a very high water pressure than under an 
equal pressure of steam. This is probably owing to the fact, 
that the high temperature in the latter case tends to close the 
joints, and with certain kinds of water any slight oozing is 
found to take up by the opening becoming closed with deposit or 
corrosion, which is induced by the high temperature. 

It is sometimes urged, that the severe percussive or dynamic 
force produced by the sudden raising of steam by hard firing, 
or by suddenly opening and shutting the valves and cocks, 
strains a boiler more than the dead static pressure which is 
supposed to be exerted in employing the hydraulic test. But 
instead of the hydraulic test being a mere dead pressure, the 
rapid working of the pump often produces a severer sudden 
strain than can well be produced when there is an elastic 
cushion of steam in the boiler, and when the pump is carelessly 
used the inelastic property of the water may render the water 
test unduly severe. In order to obviate any severe shocks in 
using the pump, the connection between it and the boiler 
should be made of a very small area. 

In supplying the boiler with water for testing, some engineers 
always stop the outlets from the boiler before it is quite fullj 
and so retain a quantity of air to act as a cushion when the 
pressure is applied by the pump. 

Although the system of testing boilers by hydraulic pressure 
to a point considerably above their working pressure has many 
opponents, its va]ue is attested by the numerous legislative 
enactments in force for its employment abroad. In most 
countries the law is more lenient towards old than new boilers, 
and is not so severe with multitubular as with other boilers, so 
far as the degree of pressure to be applied is concerned. 
The reasons for this have been indicated in the last chapter ; 
it may, however, be farther remarked that in the case of an 
old boiler of whose condition there may be some suspicion, the 
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hydraulic test should not be applied until its form and the 
strength of plates, as measured by the thickness, have been 
ascertained by inspection, where this is possible, in order to 
guard against overstraining. But when this is impracticable, 
as in many multitubular boilers, one and a half times would 
be safer than twice the working pressure for the limit of the 
test. 

A boiler that has been at work for some time, and has thus, 
in a manner, proved its capability of bearing a given pressure, 
may be considered safe if it will stand a test of one and a 
half times its working load ; even if it' has been overstndned by 
the test, it may still be considered safe for a limited time. 
The effects of overstraining would probably be detected on a 
repetition of the test, after the boiler had been working some 
time, and this appears to be an argument in favour of perio^ 
dical testing, especially when a reliable inspection cannot be 
made. 

The inspection of boilers should commence at the works 
where the plates are manufactured, where alone many circum- 
stances connected with their quality can be ascertained. 

Many new boilers proved tight aud sound on testing at the 
makers', have been damaged in their subsequent lifting and 
transit, and still more have been seriously damaged by getting 
up steam too hurriedly the first time for regular work. 
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CHAPTER XII. 

BOILER EXPLOSIONS. 

Safbty or freedom from liabilifcy to explode is the first con- 
dition to be sought in using a steam boiler. That this oon- 
drtion is far from being universally attained, is but too weU 
proved by the frequent occurrence of disastrous explosions. 

It was formerly the rule which, unfortunately, still to some 
extent prevails, to attribute explosions to occult causes. Such 
phenomena as electricity, generation of explosive gases within 
the boiler from the decomposition of steam, the instantaneous 
flashing of a large body of water into steam, accounted for by 
the spheroidal theory or from the superheating of water purged 
of air, great deterioration in the quality of the plates from 
chemical changes, and mysterious overheating and superheating 
have been from time to time urged as causes of boiler explo- 
sions, and usually with a confidence and persistence in the 
inverse proportion to the fitness which would qualify their 
propounders to speak of them. Unwillingness to know the 
true cause of an explosion on the part of those interested, as 
well as inability of others t9 scrutinise the facts of the case, 
liave, no doubt, been the means of perpetuating much of the 
speculative nonsense that has been promulgated on this subject. 

In this country it has been mainly through the researches 
and efforts of Sir W. Fairbairn, the engineers of the Man- 
chester Steam Users' Association, and more recently the engi- 
neers of the Boiler Insurance Companies, that explosions have 
been stripped of the mystery in. which they were shrouded, and 
have been ascribed to their true cause. As a rule, steam boilers 
explode from one cause alone — overpressure of steam. The 
term overpressure is here used not relatively to the working or 
blowing-off pressure, but to the strength of the boiler. It 
often happens that boilers are too weak for the pressure they 
are worked at, and no accumulation of pressure beyond this 
is requisite to bring about their destruction. The ciroumstanoe 
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of a boiler being unfit to bear its working pressure may 
be due — 1, to its original deaign and power of resistance not 
being understood by those who fix the pressure it works 
at, a common occurrence, arising from ignorance ; 2, to the 
strength, although originally sufficient to bear the working 
pressure, having been gradually reduced by wear and tear, 
in which case the error is due to the neglect ; 3, to the 
strength of the structure becoming suddenly overtaxed and 
diminished, as by sudden unequal contraction, caused by unfore- 
seen drcumstances or n^lect, when its escaping detection until 
too late may be due to negligence, or, perhaps, in extremely 
rare cases, to those nondescript causes that swell the chapter 
of accidents, from which the carrying on of human affairs appears 
to be inseparable ; 4, to defects in workmanship or material, 
whose presence, in the great majority of cases, can be detected 
by proper inspection and testing, but which may happen in 
rare cases to escape the closest scrutiny, and must be placed in 
the list of humiliating circumstances which remind us of our 
fallibility. 

If we examine these heads more closely, we shall find — 
1, that ignorance of the principles of construction is exhi- 
bited in allowing large fiat surfaces to exist without staying, 
or in wrongly applying intended means to strengthen them. 
Cases are met with of Cornish and Lancashire boilers converted 
into plain flat-ended cylindrical boilers, where the neglect to 
provide for the loss of strength due to the removal of the 
through tubes can only end in disaBter, In some descriptions 
of internally fired and furnace boilers, the flue tubes, instead of 
passing from end to end are taken through the shell side, or are 
made of a horseshoe shape. Their efficiency as longitudinal 
stays is thus done away with, and when no other stays or 
means of imparting strength are substituted — by no means a 
rare occurrence-— explosion is likely to follow. 

The following are examples of ignorance of design that have 
led to explosion : — Application of inefficient diagonal stay bars ; 
stay bars attached diagonally to furnace tubes ; longitudinal 
stay bars rendered useless by being bent, or arranged without 
strutting to clear floats, feed pipes, &c ; girder stays of flat- 
topped fireboxes and combustion chambers cut away in the 
middle to dear steam pipes, <kc. ; absence of stay bolts in flat 
fireboxes where needed, or stays not made sufficiently strong ; 
attempting to strengthen flat end plates by stiffening instead of 
staying; absence of encircling strengthening rings or hoops 
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round large tubes ; removing these hoops for fear of leading to 
overheating ; hoops applied in halves without having their ends 
attached to complete the circle ; angle iron hoops partially cut 
away to clear obstructions ; hoops applied to elliptical tubes, 
as liiough their efficiency were equal to similar hoops round 
circular tubes ; application of too numerous carrying brackets 
to the sides of ext-emally fired boilers, so as to interfere with 
the freedom to expand and contract ; cutting away the shell- 
plates for manholes, domes, and other mountings, without 
making adequate provision for the loss of strength involved ; 
rigidly attaching boilers to seats or frames, as in locomotives ; 
omitting to stay oval or large circular combustion chambers to 
shell sides ; omitting to provide large weak boiler shells with 
valves opening inwardly ; omitting to allow for spring in the 
end plates for the expansion of the through tubes in long 
vertical boilers ; omitting to provide against collapse of the 
closed crowns of the fine tubes in some kinds of vertical furnace 
boilers ; omitting to tie or stay the weak flat bottoms or tops, 
as the case may be, or vertical furnace boilers ; omitting to tie 
the sides of some descriptions of dry bottom furnace and 
Butterly boilers. 

2. The defects that arise gradually from wear and tear, such 
as wasting by corrosion and grooving, and which are likely 
to seriously impair the strength of the boiler, have already 
been discussed under ** Wear and Tear." 

3. The strength of the structure, originally sufficient for the 
pressure, can only become suddenly reduced to a dangerous 
degree by overheating, or overstraining through too sudden 
cooling or excessive expansion of flue tubes. Overheating may 
be caused by shortness of water ; by accumulation of deposit 
or foreign matter on the furnace or flue plates and tubes ; by 
defective circulation ; by the metal being too thick near the 
flre, or by the heat being very intense and concentrated, when 
even thin plates with moderately pure water are liable to dete- 
riorate ; by the accumulation of air and steam in the upper 
parts of the tubes or cells of " tubulous " and ** unit " boilers, 
from which it cannot escape, in which case the design of the 
boiler is at fault. 

Shortness of water may be due to leakage of joints, valves, 
or mountings below the water line, or by taps or valves being 
carelessly left open. It may also be due to excessive priming, 
or, in vertical boilers containing little water, to a sadden and 
excessive demand for f^team. It is sometimes caused by failure 
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in the feed supply, either through ftheer neglect to turn on the 
feed in sufficient quantity, or through some accidental or wilful 
Btoppiage, breakage, or detachment of pipe. The back pressure 
valve sticking or bedoming inoperative, or absence of any back 
pressure feed valve, when the water may be forced back through 
the feed apparatus, or syphoned out from one boiler into 
another, has often led to shortness of water. It may also be 
indirectly due to the water gauges, floats, <fec, being allowed to 
get into such bad condition as to be unreliable, and lead to a 
false reading of the water level. 

Accumulation of deposit is usually produced by bad feed 
water. It may take the form of solid hard incrustation, or of 
a thick adhesive paste, lying only in certain parts. The accu- 
njulation may also act only in thickening the water, which is, 
however, usually the most dangerous form, as its presence is 
then least suspected. Foreign matters of various kinds are 
often added intentionally to remove incrustation, and are 
sometimes inadvertently left within the boiler after repairs or 
cleaning. The accumulation is promoted by making the boiler 
inaccessible for its removal, and by defective circulation. 

Defective circulation may be due to the design of the boiler, 
from its having too cramped water spaces, which defect becomes 
aggravated by accumulation of incrustation ; from water tubes 
being placed horizontally or with insufficient inclination ; from 
the connection, being impeded by overcrowding of tubes, or 
placing them too close over furnace crowns, and from having 
too large a body of dead -water lying below the heating surface. 

Too great a thickness may be due to the use of excessively 
thick plates ; to making the amount of lap excessive ; to bad 
arrangement of furnace strengthening hoops, to careless patch- 
ing, and to the injudicious application of stays and top hamper 
on flat firebox and combustion chamber crowns. 

The heat may be too intense and concentrated, like a blow- 
pipe flame, as with some arrangements of furnace boilers, where 
the furnace throat is short, and the hot gases are delivered 
right on to a plate of the shell or tube, which may be thereby 
gradually distressed and weakened, or rapidly burnt by the 
heat driving the water off the surface. The upper portions of 
horizontal or inclined water tubes being filled with steam, are 
liable to become overheated and destroyed, either slowly or rapidly, 
according to the intensity of the heat they are exposed to. 

The portions of fine tubes passing through the steam space of 
vertical boilers, both large and small, especially when the area 
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of firegrate is large in proportion to the heating surface, are 
liable to overheating and collapse. This renders the working 
of small vertical internally fired boilers with chimney flues un- 
safe when an unusual demand for steam arises, since the forcing 
of the fires is liable to raise the temperature of the flue plates 
to a dangerous degree. Small boilers of this class are almost 
invariably employed where weight and space are limited, but 
they should only be used for easy and regular work. 

Gases of overstraining through sudden cooling and excessive 
expansion, have already been considered in the chapter ou 
'' Wear and Tear." It is obvious that overheating from accu- 
mulation of deposit is most likely to occur in plain cylindrical 
externally fired boilers, as the deposit falling from the sides ia 
apt to become thick on the bottom plates exposed to the flame, 
or even over the fire. The same result may happen, however, 
when internally fired tubular boilers are very short in propor- 
tion to the size of firegrate, since the gases may be still 
intensely heated before passing underneath the boiler bottom. 
In fact, such a boiler is exposed to some of the same risks as an 
externally fired boiler. 

4. Defects of workmanship and material are most liable to 
escape detection in small vertical boilers and in multitubular 
boilers of the locomotive and other types where the inside 
canuot be examined unless the tubes are removed or the boilers 
are partially taken to pieces. The defects in workmanship 
usually found are carele&^ly punched i^d fractured rivet holes, 
burnt or broken rivets, plates damaged by burning, or fracture 
in flanging, dishing, bending, welding, hammering, and punch- 
ing, in the boiler yard or during repairs ; defective welding of 
plates and stays, fractures in the ends of brass and small iron 
tubes, and carelessly-secured stays. Old plates are frequently 
seriously damaged by patching them with new plates, in the 
process of removing the rivets, in putting on the new patch, 
and also by the greater expansion and contraction of the nevr 
plate, when the boiler ia at work, especially when it is over 
the flie. 

Defects of material, such as blisters, lamination, and those 
arising out of the insufficiency in size of the slab from which the 
plate is cut and adhesion of sand or cinder in rolling can some- 
times, but not always, be detected by inspection, firittleness 
of material, unless it be glaringly bad, can seldom be dis- 
covered by ordinary inspection after the construction of the 
boiler is completed. 
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Boilers of the full calculated streugth are oftea exploded by 
an accumulatioa of steam pressure beyond that assigned to 
them. 

The overpressure may be due to the total absence, or iu- 
adequate size or lift, of safety valves or self-acting means of 
escape for. the steam or to the communication between the 
safety valve and boiler being shut off by some valve or other 
means. Such an accident may occur when the safety valve is 
injudiciously placed on the steam pipe, beyond the steam shut- 
off valve. When the safety valve forms one of a cluster of 
mountings on one pipe or branch from the boiler, it is 
a common practice during clearing and repairs to plug up 
the aperture of the pipe from the inside, to prevent the drip- 
ping of water on those engaged inside the boiler. Now, the 
risk there is of neglecting to remove the plug, and so endanger- 
ing the safety of the boiler should never be incurred. The 
safety valve should, therefore, be always applied as an indepen- 
dent mounting. 

Overpressure may arise from the safety valve being reclilessly 
overweighted, by increasing the length of the lever, or the' 
amount of the weight on the lever in valves of this construc- 
tion. It may be caused by screwing down, tying or wedging 
fust the lever or dead weight ; by the sticking fast of the 
lever, valve, or spindles in connection, and by the escape pipe, 
when there is one, becoming plugged up by the water freezing 
or other accident. 

Safety valves of the ordinary lever construction offer the 
greatest facilities for overweighting, which is sometimes resorted 
to when the valve is not tight at the working pressure, through 
faulty design, or for want of re-grinding or proper attention. 

Overweighting is also resorted to in order to make the blow- 
ing-off pressure agree with the telling of a defective pressure 
gauge, or from sheer laziness on the part of the firemen when 
the wish is to save trouble in attending to the boiler. The 
facilities and temptations for overloading may be diminished by 
cutting the lever to the shortest length admissible, or when 
spring balances are used, by preventing the possibility of screw- 
ing down beyond a certain point by the application of ferules 
or other meaus. By placing the safety valves in a conspicuous 
and open position, so that the addition of irregular weights 
may be at once detected and the wedging or tying down ren- 
dered difficult, the temptation to overload the valves is reduced. 
The use of dead- weight valves, of good construction, on 
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stationary boilers, renders overloading to a dangerous degree 
no easy task. 

A common practice, where little attention is paid to boiler 
management, is to wedge down the valve, by inserting a chisel 
or other suitable article between the lever and top of the guide 
through which it passes. 

The sticking fast of th^ valve may be due to the metal of 
the lid and seat seizing or wedging tight together, by long 
contact or excessive pressure ; to the bending of the central 
spindle, or wedging tight of feathers and guides, by expansion, 
or by the thrust from the spindle or double eye not acting per- 
pendicularly on the valve Ud, or by this spindle under the 
lever sticking fast in the bonnet or stuffing box, when the valve 
is of the closed- in description. Sticking fast of the lever is 
often caused by the corrosion of the double eye and pin at the 
fulcrum end. In order to avoid this corrosion the double eye 
and pin, and in some ca^es the lever, are best made of gun 
metal, or worked on a knife edge, if the condition can be easily 
ascertained at any moment. It is a mistake to use much 
grease to the safety- valve lever joints, where there is much 
coal dust or dirt, as the grease rapidly becomes converted into 
a sticky mass, that clogs the action of the lever instead of 
aiding it. 

In order to lessen the risk of overpressure from the safety 
valve becoming inoperative, every boiler should be provided 
with two safety valves, one of them at least being of the 
external dead-weight type, for stationary boilers. Lock-up 
valves cannot be recommended, as they become useless unless 
frequently eased off their seats. 

Other circumstances are to be met with besides gradual ao- 
enmulation of steam pressure, that may possibly bring about 
the destruction of a boiler strong enough to bear the ordinary 
pressure at which the safety valves blow off. The conversion 
of the static pressure into a dynamic force, by suddenly 
opening or closing a large steam valve or safety valve, may pro- 
duce a violent rush of steam and water against the part of the 
boiler whence the steam is drawn. The percussion of the water 
and steam in such cases has been known to shake the whole 
fabric of the boiler. When produced by the sudden opening 
of the steam junction valve, the percussive action has been 
known to lift the safety valve momentarily right off its seat, 
although more than six feet distant from the point of sudden 
efflux. 
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A few cases are recorded of boilers being damaged and 
heating apparatus destroyed by the detonation of explosive 
mixtures in the flues. Gases are formed and accumulated 
under certain conditions, from the slow distillation of the coal 
when the damper is closed. On the Are door being suddenly 
opened the rush of air mixing with the gas and becoming sud- 
denly ignited produces an explosion. Harmless explosions of 
this kind on a small scale are very frequent, and it is difficult 
to explain how violent explosions are not more frequent than 
they are. The disturbance of a boiler under steam by such a 
detonation might so strain it as to bring about an explosion at 
the ordinary working pressure. Cases have occurred of exter- 
nally fired boilers, standing empty for cleaning, being seriously 
injured by an explosion of gas, which has found its way through 
some opening where the valves have been open or fittings 
removed. On a lighted lamp or candle being applied to the 
manhole, the mixture of gas and air have exploded with a loud 
report and fatal residt. 

Explosions of locomotive boilers have been broiight about by 
the fracturing of the shell, caused by the dome being carried 
away in coming in contact with tunnels or overhead bridges, 
or by the shell being pierced by a broken connecting rod when 
running. 

Several cases have occurred of the so-called simultaneous 
explosion of two or more boilers working side by side. This is 
usually brought about by the explosion of a single boiler in 
the first instance, from being too weak to bear the pteam pres- 
sure, when the projected portions coming in violent contact 
with the other boilers imder steam, and producing rupture, 
cause their explosion. 

When a boiler gives way from overpressure or sndden con- 
traction, a rent may be formed or a piece of plate blown out. 
The former is the most usual manner of yielding ; but in both 
cases it will depend upon the strength, nature, and arrangement 
of the material bounding the initial fracture as well as its 
position, and also upon the pressure, temperature, and amount 
of water and steam in the boiler, whether the contents will 
gradually escape through the opening already made, or whether 
in their violent inish they will increase the extent of opening, 
and make it easy for the steam behind to tear the boiler into 
several pieces, and cause a violent explosion. 

Now to make this more clear, we shall first consider the in- 
fluence of the position of fracture. Many cases have occurred 
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of manhole lids on the crowns of horizontal boilers being blown 
aloft, either from defect of fastening down or defect of material. 
When the manhole is properly fortified with a mouthpiece or 
ring the cover is projected aloft, the contents gradually escape 
through the hole and the boiler is left on its seat (if this be 
sufficiently strong to withstand the recoil), and probably no 
further damage is done, except to the boiler-house roof. 
Should, however, the same accident happen to a manhole cover 
underneath the boiler, placed near the ground, the effect will 
be very different, and it will depend upon the weight of the 
boiler and water contained, size of manhole, pressure of steam, 
and distance of aperture from the ground, whether the boiler 
and its contents will be merely raised a little from its seat, 
or whether it will be shot aloft like a rocket by the unbalanced 
pressure on the discharge of steam. If the manhole were in 
the side of a vertical boiler, and near the top, the blowing off 
of the lid into an open space in front would probably topple 
over the boiler if it were not well supported. 

Again, if the manhole in our first case were without any 
provision for strengthening the plate surrounding it, and if the 
edges of the plate were reduced in* strength by fractures or 
corrosion and wear, the rush of steam and water, on the lid 
blowing off, would probably start a rent in the shell, which a 
high pressure withia the boiler would continue along the lines 
of least resistance, and the result would be a violent explosion, 
the severed plates being carried iu different directions. 

The remarks respecting the blowing away of the manhole 
cover apply also to the case of a piece of plate being blown 
out. 

It is easy to conceive how an incipient rent in a plate may 
be carried on by the same pressure that would be insufficient to 
commence the rent, when we remember how easily a piece of 
stout paper or cloth is torn through when a rent is made, ever 
so slightly, either at the edge or in the body of the material, 
or how easily a stick or cane is torn in two when a nick is 
made in the end. In all such cases the apparent weakness of 
the material at the initial fracture is due to the unequal man- 
ner in which the divellent strain is distributed over the fibres 
of the material when the rent is once begun. 

When the boiler plates are brittle, the vibration caused by a 
sudden jar, such as is produced by a sudden rush of water and 
steam, may also have effect in continuing a fracture once begun 
in a manner similar to that which causes glass and other brittle 
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materials to break ap so rapidly, once they are slightly 
fractured. 

When one or more portions of a boiler have been separated 
from the rest, and have been lifted and set in motion by the 
pressure, it is easy to conceive how the quantity of steam 
behind given oflF from a large body of water at a high tempera- 
ture can propel them to a great distance. The manner in 
which large masses of plate are completely flattened out shows 
that the disruptive force has been exerted in all directions, and 
not merely in one line to which the first rush of steam and 
water has taken place, as has been assumed by some writers on 
this subject. 

If a cylindrical shell plate gives way by rending through a 
line of rivet holes, or along a line of grooving or external 
corrosion, it will greatly depend upon its mode of connection 
with the adjoining belts of plates whether the rent will extend 
further than one plate. In the first place, if the rent should 
occur at a longitudinal seam, either through the rivet holes 
or at the edge of the overlapping plate, in a boiler where 
the riveting extends in a continuous line from end to end, it 
will probably pass right along through several plates, although 
they may be strong compared with the plate where the fracture 
commenced. Should, however, the weak line stop short at the 
edges of the plate, as when the longitudinal seams break joint, 
on giving way, the pressure tending to flatten the plate out will 
cause the rupture to pass through a line of transverse rivet 
holes or tear off the rivet heads, if the ruptured plate be out- 
side the other plates at the ring seam ; but should the overlap 
of the fractured plate be inside the other plate, the flattening 
out will be resisted, and the longitudinal fracture will probably 
extend to the next plate, still retaining a longitudinal direction 
or striking off in a diagonal direction, according to the position 
of the line of least resistance, which will be varied with the 
manner in which the plate opens out. 

Referring to the first of the two cases just considered, such 
a pUte opening out near the crown of a horizontal boiler, or 
m any part of a locomotive or vertical boiler where the steam 
and water have plenty of room to escape, will probably only 
cause damage by the issuing contents, the rest of the boiler 
remaining undisturbed. But if the rent occur where the 
escaping steam and water come in immediate contact with a 
heavy inert mass, as, when the plates rend inside a flue the 
probable consequence will be that the confined steam will pro- 
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long the transTene fractures, until the boiler is separated into 
two or more pieces, and project, one or all, to some distance. 

Transverse seam rips, which occur most frequently in exter- 
nally fire boilers, have idready been treated of under the head 
of ** Wear and Tear." When these rents occur on the bottom, 
during the working of the boiler, and the weight of the shell 
and its contents is very great, the recoil frequently raises one 
end, when the boiler separates, and the lightest or freest por- 
tion is projected endways to a distance. 

The absence of longitudinal stays or ties in most externally 
fired boilers increases the facility of the ends to take leave of 
each other when once the shell is divided. Should the weight 
of the boiler and contents be small compared with the pres- 
sure, the recoil will probably project the whole boiler aloft, 
when the expansion of the steam will further separate it, and 
the pieces will fall in different places. 

If the seam rip be confined to a short length, the' pressure 
may be gradually released, without lifting the boiler from its 
seat at alL 

These seam rips on the bottom are sometimes caused by the 
sudden contraction of the plates on filling the boiler with cold 
water whilst the bottom is still hot after emptying. When not 
detected before the boiler is set to work again, the rent may be 
gently enlarged, as the pressure rises, and allow the contents 
to escape gradually, without lifting the boiler. Oases have 
occurred where these seam rips, produced by too sudden cool- 
ing, have been of such a size as to allow the water to escape 
from the boiler as quickly as it entered, on attempting to *refill. 

When a horizontal flue tube collapses entirely, without 
frtujturing to any great extent, the pressure is usuidly relieved 
by the steam escaping through the started seams and small 
fractures. If such a collapse be sudden, there may be a severe 
concussion of the air, but no violent explosion, the boiler shell 
remaining unmoved. But should the tube fracture considerably 
without parting in two as it collapses, the efiects may be very 
serious, from the rush of hot water and steauL When the 
rush is towards the confined back end the boiler may be pro- 
jected forward by the recoil ; and, on the other hand, if the 
contents escape most readily from the front end, the boiler may 
not be moved from its seat, but the rush of hot water will be 
liable to cause all the disasters of an explosion, especially when 
the boiler is in a confined situation. If the tube on collapsing 
be broken in two, and its efficacy as a longitudinal stay 
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be destroyed, one or both ends of the boiler may be blown 
out along with the tube and part of the shell attached, or 
broken off, where the ends are not well stayed to shell. 

In locomotive boilers a collapse of the firebox top plate or 
yielding of the crown plate in furnace tube vertical boilers, 
and fracture round the furnace bottom plate, by which the con- 
nection with shell becomes severed, are liable to lead to violent 
explosion, as the reaction conaequeut upon the downw^ard rush 
of the contents will carry the boiler aloft. 

In investigating the cause of a complicated explosion, the 
relative weights, positions, shapes of the scattered pieces, and 
the direction taken by tliem must first of all be carefully noted, 
and their original positions in the boiler be assigned to them, 
aloug w}th the positions of the different mountings, manner of 
Btaying, aud absence or presence of means for streugthening 
domeholes, manhole, tubes, combustion chambers, &c. The 
original shape of the shell and large flue tubes should be ascer- 
tained as accurately as possible. The primary rent is then 
to be sought for. In many oases the direction taken by the 
heavier pieces is a guide to this, as the fractured plates, if 
free to move, will shoot of, the light pieces along with aud in 
the direction of the first rush of steam, and the heavier pieces' 
in an opposite direction. 

That this, however, is not always the case is obvious, as, for 
instance, when the boiler turns over before separating, or where 
the direction a piece of the shell would take, if free to move, 
is changed by part of it clingiug for a time to the larger mass 
to which it may be attached. 

All the edges of the plates and angle irons along the Hues of 
fracture should be carefully examined, in search of weak places, 
such as thinness caused by grooving and corrosion, external and 
internal, wasting of rivet heads, defective rivet holes, in- 
sufficient lap, old flaws and fractures, patchiug aud other signs 
of repair, indications of softening or deterioration by over- 
heating, condition of low-water indicating apparatus, safety 
valves and pressure gauges. 

A close examination of the shape of the rivet heads and of 
the shapes aud sizes of the plates and arrangement of seams 
throughout the boiler will usually lead to detection of repairs 
when these are not obvious at first Bight. The colour aud nature 
of the fractures, and whether they be short or jagged, are the 
only guides to the length of time they have existed, and how 
they have been produced. 
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Overheating from shortnees of water usually declares itself 
by the bulging and buckling of the plates, by breaking off the 
incrustation on one side, and by producing a burnt appear- 
ance, along with removal of soot, kc, on the other side, by 
the starting of the joints and melting of fusible pings, and in 
furnace tubes also by forming corrugations parallel with the 
ring seams. These corrugations are produced by the excessive 
expansion of the plates at the part where they occur. 

It is very seldom that externally fired boilers explode from 
shortness of water, although their bursting has often been 
ascribed to this cause. In fact it has long been the fashion, 
whenever a boiler explosion occurs, to endeavour to attribute it 
to shortness of water. This is nothing more than an easy 
method of shifting the responsibility from the makers and 
owners on to the attendant, who, if not killed by the explosion, 
in many cases might just as well be, so far as his ability to 
defend himself is concerned. 

Internally fired boilers, on the other hand, frequently do 
explode from shortness of water. 

One or more of the defects above indicated will in most cases 
be found to be the cause of explosion, which may have occurred 
at the ordinary working pressure. But if no such defects can 
be found, and the calculated strength of the boiler be sufficient 
for the alleged working or blowing-off pressure, the condition 
of the. safety valves, levers, weights, springs, double-eyes, pipes 
or branches, must be still more closely inquired into, and the 
strength of the plates at fractures carefully tested. The alleged 
blowing-off pressure must be carefully checked by calculating 
the weight upon the valve, and the accuracy of the pressure 
gauge as well as its condition should be ascertained, and any- 
thing else suggested by the nature of the case that may throw 
light upon the manner in which the overpre8sure has been 
brought about. 

There are still many who maintain that the violence of some 
explosions cannot be ascribed to gradually accumulated over- 
pressure, and many theories have now and again been started 
to account for the tremendous force that is made manifest by 
its effects. 

In seeking to assign such a phenomenon as a boiler explosion 
to any cause that is known to exist in nature, we must be pre- 
pared to show : 1, that the cause can exist in the case in ques- 
tion ; 2, that it is competent to produce the results ascribed to 
it ; and 3, that no other known cause can produce these results. 
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Now if we apply the above standards of reasoning to over* 
pressure of steam, we know that it often does exist aud may in 
almost any case exist unawares. That it is competent to pro- 
duce the violent results so often exhibited has been proved 
theoretically and practically. It has been demonstrated by 
Professor Aiiy, that the destructive energy stored up in 1 cubic 
foot of water in a boiler working at 60 lbs. pressure, is equal 
to the destructive energy of 1 lb. of gunpowder ; and it has 
been shown by the experiments of the Franklin Institute, that 
gradually accumulated steam pressure in ordinary wrought-iron 
boilers can produce a violent explosion. That other causes can 
produce similar results cannot be disputed, as vessels of com- 
pressed air and gases have sometimes burst with terrific elfect. 
On examining, however, the usual effects of a boiler exploRion, 
they are not what we should expect from a discharge of ex- 
plosive gases, detonating compounds, or electricity, which would 
act instantaneously and shatter the plates receiving the full 
force of the discharge into small fragments. 

The tearing up of a boiler on explosion although rapid is not 
instantaneous, and the somewhat gradual developement of the 
force stored up in the highly-heated water keepH up a con- 
tinuous, pressure behind the separating pieces, which is better 
calculated to hurl them to a great distance than a force acting 
instantaneously and suddenly dissipated. 

That electricity might be developed in a steam boiler, under 
certain conditions, there can be little doubt, but it is difficult 
to conceive how any large quantity can accumulate within a 
boiler either in direct or indirect communication with the earth. 

It has long been known that a current of steam sometimes 
exhibits electrical conditions. The invention of the Armstrong 
hydro-electric machine, was suggested by the circumstance of a 
workman experiencing a smart shock from a jet of steam coming 
in contact with one hand whilst the other touched the safety 
valve from which the jet issued. Faraday, who took up the 
question, proved that the development of electricity was solely 
due to the friction of the suspended humid particles against the 
sides of the orifice through which the steam passed ; and that 
it was in no manner due to the change in the state of the water 
in the boiler. He also showed that the same effect could be 
produced from the friction of a ciurrent of humid air, and that 
electricity cannot be developed from a current of dry steam 
or air. 

Admitting that the presence of electricity in an ordinary 
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boiler is not impossible, it yet remains to be shown that it 
could exist in a state of high tension, and yet, again, how it 
oould bring about an explosion, accompanied by the usual well- 
known results. 

That a small quantity of steam might be decomposed in a 
boiler by coming in contact with plates that have accidentally 
become red hot cannot be disputed, but that the decomposition 
could oQCiMT to any considerable extent with oxydised plates is 
well-nigh impossible. The hydrogen liberated by the decom- 
position is not explosive, and would require to be united and 
intimately mixed with its equivalent of oxygen, and then ig- 
nited to produce an explosion. 

Supposing the oxygen to be admitted with the feed water 
and that the ignition could be effected by red-hot plates or an 
electric spark, it still remains to be shown how the gases could 
possibly become so intimately mixed in presence of the large 
body of steam and nitrogen present in the boiler as to form a 
detonating compound. Again, assuming that nearly all the 
steam could be decomposed, the hydrogen would only bum 
quietly in the presence of oxygen as it becomes liberated on the 
red-hot surface of the plates ; and in any case, its power to 
produce an explosion is extremely improbable. 

But to take the most e&treme view of the case, and assuming 
the sudden formation of a vacuum within the boiler by the union 
of the two gases to take place, it is still by no means clear how 
the bursting of the shell would follow in consequence, as the 
vacuum formed oould only be local and insignificant with a 
large quantity of steam amd nitrogen in the boiler. 

With respect to the superheating theory, the modus operandi 
is usually supposed to be something like the following. The 
plates are allowed to become intensely heated by the water level 
falling too low or from other causes, and communicate their 
heat to the steam in the boiler. On the water being agitated 
and carried aloft as spray, by the action consequent upon the 
sudden opening of the steam stop valve, safety valve or feed 
inlet, a large quantity of steam is produced and the pressure 
suddenly raised above the resisting power of the boiler. That 
the steam might become highly superheated, and the water in 
a divided Btiite might be brought into contact with it cannot be 
disputed. But when we consider the condensation that would 
take place, and the small total quantity of .heat contained even 
in a large volume of steam, sufficient additional pressure could 
not be produced to burst a boiler with a reasonable margin of 
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strengUL The increase of pressure can be calculated as follows : 
In a boiler working at 60 lbs. and having a steam space of 180 
cubic feet, suppose the steam to be raised in temperature or 
superheated from 307° to 800°, the volume would be increased 
in the ratio of 1 + (0-00203 x 275) : I 4- (0-00203 x 768), or 
of 1*56 I 2-56. If the same steam pressure is maintained in 
the boiler the weight of steam, which in the first instance was 
31 '5 lbs. will be reduced to about 20 lbs. This quantity of 
dry steam will have about 18000 units of latent heat, and in 
faUing from 800° to 307** will render 20 x 0-480 (800 - 307) = 
4732*8 units of sensible heat available for raising steam sud- 
denly, or only an amount competent to generate a quantity of 
steam from water at 307% equal to about one quarter of that 
already in the boiler, which would cause a rise of pressure equal 
to 15 lbs. only. The pressure might also be augmented at the 
same time by the water coming in contact with the red-hot 
plates : 30 square feet of f plates heated to a temperature of 
900° would give 450 x -114 x (900- 307) = 30421 units of 
heat in the plates available for sudden evaporation, or sufficient 
heat to convert about 34 lbs. of water or | cubic foot at 307** 
into steam. As the 180 cubic feet of steam weighed 31*5 lbs. 
the pressure will be increased by 71 lbs., whence we have a 
total pressure of 60 + 15 + 71 = 146 lbs., which certainly might 
be sufficient to cause an explosion, if the steam were suddenly 
generated, or more rapidly than it could escape. 

But the conclusion arrived at from general experience, and 
from experiments expressly undertaken by Mr. Fletcher and 
others to solve this question, is that a large quantity of steam 
cannot be suddenly generated by throwing water on to red-hot 
plates. Severe overheating of boiler shells or furnace tabes will 
start the riveted joints, and oflfer a further means of escape for 
the steam as it is formed. 

Explosions from overheating are more likely to be produced 
by the softening and yielding of the plates at the ordinary pres- 
sure, or by the sudden contraction of the plates on having 
water thrown on to them, than by any sudden augmentation 
of pressure, the production of which is entirely hypothetical. 
Beyond a certain quantity, the larger the body of water thrown 
on to a given weight of red-hot plates the less will be the 
amount of steam formed. It may also be remarked that in 
ordinary boilers, where the feed inlet is near the bottom, sud- 
denly turning on the feed water will not scatter it over the hot 
plates near the working water level, where overheating is most 
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likely to occur, but the water will gradually rise up the 
sides. 

The Leidenfrost phenomenon, as it is called, or the tendency 
of small quantities of water, when thrown on to highly heated 
plates, to assume the spheroidal condition, and to evaporate 
suddenly on coming in contact with the plates when the tempe- 
rature is lowered, has been often adduced as a cause of explo- 
sion. The exact application of this theory is, however, by no 
means clear, and the assumed delay of the water in evaporating 
is antagonistic to the sudden-evaporation-from-overheatiug 
theory. It is di£Scult to see how the evaporation by ebullition 
of a large quantity of water in an ordinary boiler could be long 
delayed, as is assumed in this theory, without reducing the 
temperature of the water below that sufficient to produce an 
explosion. 

Slight reports in the region of the furnace have sometimes 
been heard previous to the gradual bulging of the furnace plates 
from overheating in boilers containing very greasy water. 
These have been ascribed to the water assuming the spheroidal 
state, but there is no reduction of the temperature in such 
cases to account for the sudden evaporation of the supposed 
spheroids. It may be said of this theory that the conditions it 
assumes cannot be proved to exist in an ordinary overheated 
boiler, and that we have no means of knowing whether they 
would be competent to produce explosion if they did exist. 

There is reason to believe that the tendency of greasy water 
to cohere and resist ebullition through not touching the plates, 
or, in other words, to become spheroidal, is more likely to be 
the cause than the effect of the overheating of furnace plates. 

When the air usually contained in water has been expelled 
by boiling, the water, if kept, perfectly quiet, can be heated 
from 70° to 80® beyond its ordinary boiling point without any 
sign of ebullition ; but, on the slightest disturbance or agitation 
of the water so superheated, a large quantity of steam is sud- 
denly formed. If the pressure above is at the same time 
reduced, as by drawing off steam, the rush of newly formed 
steam will carry the water before it with great force against the 
boiler crown. It is probably this action that produces the 
concussion sometimes felt when standing on a boiler whilst the 
steam is suddenly drawn off on starting the engine. Under 
certain conditions the sudden generation of steam migl^t pro- 
duce a pressure above that at which the safety valves are set to 
blow off, and this, together with the force of impact might 
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bring about the explosion of a very weak boiler, but not of one 
haviug a proper margin of strength. 

The practice of ascribing steam-boiler explosions to obscure 
causes has been productive of much mischief, as it engenders a 
carelessness on the part of owners and attendants, who have 
been led to believe that no amount of care will avail against the 
mysterious agents at work within a boiler. 

Considering the too frequent want of care and knowledge on 
the part of those having the charge of boilers, and the great 
number of dangerous defects that are almost daily disoovered 
by trained inspectors, the mystery to be solved is — how so 
many boilers escape explosion at the ordinary working pressure, 
and not, — what has been the cause of the disaster when an 
explosion does occur 1 

The reader will find much valuable information about the 
causes and prevention of boiler explosions in the monthly 
reports of Mr. L. E. Fletcher, Chief Engineer of the Man- 
chester Steam Users' Association ; and in the annual reports of 
Mr. E. B. Martin, Chief Engineer of the Midland Steam Boiler 
Inspection and Assurance Company ; of Mr. B. B. Longridge, 
of the Boiler Insurance and Steam Power Company ; and of 
Mr. Hiller, of the National Boiler Insurance Company. 
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CHAPTER XIII. 

COMBUSTION OF COAL. 

Combustion is the name given to any rapid chemical union 
attended with great heat and light. The combustion that 
takes place over our fire grates and gas burners, is the chemical 
combination of oxygen with carbon and hydrogen. The oxygen 
is supplied by the air where it is associated with nitrogen, from 
which it readily separates. The carbon and hydrogen are pre- 
sent in the fuel and gas, and on being sufficiently heated by 
the application of a light or other well-known means, the 
attraction between them and the oxygen becomes strong enough 
to cause them to combine with it. The application of heat is 
necessary to start the process of combustion, which is simply 
one of rapid oxidation ; but the chemical change afterwards 
produces more than sufficient heat to carry it on. The pro- 
duction of heat by combustion is usuaUy ascribed to the impact 
of the atoms of oxygen against those of the other combostible, 
as they clash together on entering into chemical combination. 

The amount of heat produced by the combustion of dififerent 
bodies, or their total heat of combustion, has been approxi- 
mately determined by experiment, and is usually expressed in 
pounds of water raised 1° Fahrenheit (or conversely, in number 
of degrees 1 lb. of water is raised) by 1 lb. of substance com- 
bining with oxygen. The standard unit of heat in this country, 
or British thermal unit, is the quantity of heat that will raise 
1 lb. of water 1^ Fahrenheit at its g^atest density, which is at a 
temperature of 39*1°. 

All substances combine chemically in certain proportions 
only, both by weight and volume, which are called their 
chemical equivalents. The equivalents by weight and volume 
of the elements and compounds with which we are concerned, 
are given in the annexed table, from which the combining pro- 
portions of the combustible substances can be readily calculated. 
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The oondeosation of the elementary bodies by chemicil com- 
bination ia shown in the fourth column. The elements in atmo- 
spheric air are not chemically combined. Carbonic oxide is not 
formed directly from the union of the elements carbon and 
oxygen, but from the union of the compound carbonic acid with 
oxygen. 

The volume of a given weight of gas at any temperature, can 
readily be ascertained from the sixth column as follows : — ^Let 
V = volume at 62®, and V = volume at any required tempera- 



ture t\ then V' = V (^^11±^\. 

V 523-2 / 



Carbon, almost the only element contained in good coke, and 
the principal element in coal, combines with oxygen to produce 
two different gases, according to the proportions in which the 
combination is effected, viz. , carbonic acid when the combustion 
is perfect, and carbonic oxide when the combustion is incom- 
plete. The acid is composed of one equivalent by weight of 
carbon (Cj ^) and two of oxygen (Ogg), or 1 lb. of carbon com- 
bines with 2^ lbs. of oxygen and forms 3| lbs. of carbonic acid 
gas. The carbon which is. solid in the fuel passes during 
combustion into the gaseous state. The volume of the carbonic 
acid gas is equal to that of the original 2§lbs. of oxygen, 
and the quantity of heat produced by the combination is 
14,500 units, as given in the table on page 251. This would 
be the amount of heat from the combustion of every pound 
of carbon in the furnace, if completely consumed ; but, should 
the layer of incandescent coke or carbon be thick in proportion 
to the quantity of air supplied through the fire grate, the 
oxygen of the carbonic acid will recombiue with another 1 lb. 
of carbon, and form 4| lbs. of carbonic oxide gas. By this 
second combination the volume of the gas is doubled, and a 
large amount of heat is rendered latent in performing the 
interior work of expanding the gas and converting the solid 
carbon into vapour. The heat produced now falls from 
14,500 units to 8800 units, the amount due to the imperfect 
combustion of 2 lbs. carbon, showing a loss of sensible heat 
equal to 5700 units. When the combustion stops at this 
stage for want of air, the lo^s of sensible heat and waste of fuel 
is evidently very great. Bui when a suficient supply of fresh, 
air is at hand, the 4|lbs. of oxide recombine again with an 
additional 2j lbs. of oxygen, making 7^ lbs. of carbonic acid 
gas. The volume is hereby reduced to that of 5^ lbs. oxygen, 
He 5700 units of latent heat are rendered sensible, the 
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total quantity of heat due to the last combination being 8800 
+ 5700 + 14,500 = 29,000 = the amount due to the perfect 
combustion of 2 lbs. carbon. 

The total heat of steam at atmospheric pressure being 1178 *1, 
1 lb. 4>f carbon should convert 

14, 500 ^12-91 lbs. of water at 62° 



1178 1—62 



into steam of atmospheric pressure. 

This is assuming a perfect evaporative efficiency, and all the 
heat to be utilised. The best results in practice, however, fall 
far short of this. In locomotive boilers, where the best coke, 
consisting almost entirely of carbon is still, although rarely, 
used, the maximum evaporation under favourable conditions 
may be taken at 9*5 lbs.' of water from 62% showing a loss of 
about 20 per cent of heat. The reason of this will be shown 
below. 

Hydrogen is not supplied in the free state to our furnaces, 
but is usually present as a component of the hydrocarbons, 
such as pitch, tar, defiant gas, &c. coutained in the coal. 
Two equivalents, by weight, of hydrogen (B.q) combine with oue 
of oxygen (0^ g), or 1 lb. of the former with 8 lbs. of the latter, 
and form 9 lbs. of water which pass otT in a state of vapour. 
The quantity of oxygen is, in this case, three times as much as 
we had for the carbon. By volume, two of hydrogen combine 
with one of oxygen, the resulting aqueous vapour having the 
same volume as the hydrogen. Its calorific power being 
62,032 units, we have then by 1 lb. of hydrogen — 

62,032 ^ gg.gg ^^ ^^ ^^^^ ^^ ggo 

1178-1°— 62 

converted into steam of atmospheric pressure. 

When hydrogen and oxygen are present in the fuel in the 
the proportions to form water, they combine as such, and do 
not increase the heat of combustion ; but, along with any other 
water that may be present, act injuriously in reducing the 
temperature of the furnace by absorbing a considerable amount 
of heat by their couven>ion into vapour. In order to ascertain 
the heating power of hydrogen contained in any fael along 
with oxygen, we have to subtract one part by weight of the 
former, for every eight parts of the latter, and consider only 
the burplus hydrogen as having any heating power. 
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The hydrocarbons are the first constituenta of coal acted 
upon by the heat of the furnace, aud pass readily into the 
gaseous state which they must assume before they are burnt. 
To the volatile nature of the hydrocarbons is due the flaming 
property of the coals containing them. 

The different kinds of coal such as non-bituminous or anthra- 
cite, slightly bituminous or anthracitic, semi-bituminous, and 
bituminous, of which an analysis is given in the annexed table, 
can be distinguished by their appearance, but the character 
of different varieties of each kind cannot always be determined 
by the colour, lustre, cleavage, <kc, as many suppose. 

The Anthracite, or hard stone-like coal of South Wales, is 
lustrous in appearance. It is difficult to burn, requiring a very 
strong draught, high temperature, and considerable atten- 
tion. When dry, it bums without flame or smoke, like coke, 
since it contains no hydrocarbons, and, although it gives out 
an intense local heat, it is not adapted for burning in a steam 
boiler furnace, and is consequently little used as a steam coal. 

Slightly bituminous, or Anthracitic ooal, found abundantly 
in South Wales, contains a small amount of hydrocarbons, and 
is, for many kinds of boilers, decidedly the best steam coal we 
possess. Ko further proof of this is required than the large 
price it fetches for marine boilers, where semi-bituminous coal 
of good quality is to be had at a much cheaper rate. It is a free 
burning coal, usually with a short flame, and requires little atten- 
tion. It swells considerably, and falls rapidly to pieces in the 
furnace, but does not cake, and the best qualities yield but 
little clinker and aoh. It is often called smokeless, but most 
of the best qualities emit a light vapoury smoke. It will 
not bear rough usage, and crumbles rapidly after long exposure 
to the atmosphere, which circumstance, together with the 
quantity lost in some descriptions by falling through the fire 
bars in consequence of its decrepitation by the heat, causes a 
large waste, often equal to 15 per cent. In consequence of 
this it is often advisable to mix this with a harder kiud of 
coal, to enable the dust to be utilised. The small amount 
of skill and attention for smokeless and economical firing it 
requires when compared with most kinds of semi-bituminous 
coal, is actually the circumstance to which its greater value is 
due. 

The semi-bituminous coal containing a considerable, but 
varying amount of hydrocarbons, is more used than any other 
kind for steam boilers. Some descriptions are free burning. 
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whilst others cake very much ; all of good quality bum easily 
with an ordinary draught, and emit a considerable amount of 
smoke unless special care is used to prevent it. 

The best steam coals of this class are chosen for their small 
amount of a&h and clinker, hardness, and non -caking quality, 
which tend to diminish the attention required to burn them 
economically. The properties of semi-bituminous coal yary 
considerably, and it is almost impossible to tell the quality from 
the appearance, apart from such defects as are indicated by the 
presence of stone, iron pyrites, or other foreign matters. 
Many rich, small, hot coals that are not suitable for boiler 
furnaces when used alone, owing to their tendency to cake, can 
be successfully burnt if mixed with a hai'der free burning coal ; 
and, indeed, the best results both in evaporation, speed, and 
economy, are to be obtained by a judicious mixing of two or 
more properly selected descriptions of coal. Bituminous coal 
contains more tarry matter than the above, and is best utilised 
for gas making. 

The kind of coal containing the largest amount of bitamen, 
of which the Boghead Cannel may be taken as a type, although 
rather an extreme one, being regarded by some as not being a 
coal at all, is without lustre, of a greyish or brownish black 
colour. It yields a very large quantity of ash and clinker, and 
is not suitable for steaming. It is employed almost exclusively 
for gas making, for which the large amount of contained hydro- 
carbons renders it most suitable. 

Coke is the solid carbon and other material left after the 
volatile ingredients are driven off by partial combustion in coke 
ovens, or by slow distillatiop in flue retorts. The former is 
much the best for boiler fuel. Much small semi-bituminous 
caking coal, rich in carbon, but which would be comparatively 
worthless for boiler furnaces, forms into large pieces in the coke 
ovens, and becomes a valuable coke for locomotive boilers. 

Some patent fuels are also made by compressing into moulds 
and heating in retorts, small coal of good quality, that would 
otherwise be wasted. It is thus formed into compact solid 
blocks, without the expulsion of the hydrocarbons. Pitch 
or other combustible substances may be added when the coal 
does not contain a sufficient quantity of bituminous or pitchy 
matter to make it cohere properly. 
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Hjdrogea 

Hanh gu 

OUGaatsM 
CKrbou — bnniiDg t 

CO, 

G^rbon — -burning t 

CO 

Cu'boDie Oi[da 

CosL 

Arenge Welsh 

Newcastle 

Sootch 

Derbyihire 

Coke .. . 
Peat (di7) 

Wood 

Sulpbur... 



11,500 
4,100 



14,7*8 
13,67S 
13,7fll 
13,410 
13,630 

7,871 

4, ana 



The total heat of combnBtion of a BabaUnoa audi aa colce or 
COkI caa be found bj taking the nam of the quautitiea of heat 
which are given by the oombuHtion of its component parte 
taken separately. If wa take, for esanple, the quality of 
coke given in the above table, we have for tiie total heat of 
combnatioD wheo completely burnt -94 lb. carbon x 14,500 ^ 
13630 unita. This does not, however, give ua the teajperatuie 
of the resulting carbonic acid. To find thia, the heat of aom- 
bnstion must be divided by the total weight of the gas multiplied 
by its apecifio heat, which we aaaume here to be constant ax all 
temperatures. We have also to oouaider the loaa of tempera- 
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ture due to the absorption of heat by the nitrogen, which forms 
the principal bulk of the air for combustion, 

Weight of oxygen = 2*51 lbs. 
„ nitrogen - 8*816 lbs. 



11*326 lbs. of air. 

Carbonic acid 3*45 lbs. x *216 = '745 
Nitrogen . 8*82 lbs. X -244 = 2 152 



2-897 

Therefore elevation of temperature above atmosphere 

13630 



•2 89 



= 47 16*' Fahr. 



For the more complicated process of combustion, when coal is 
burnt, let us examine that of 1 lb. of average Newcastle coaL 
Here we have^ 

Carbon = •8211b8. 
Hydrogen = '053 lbs. 
Oxygen = '057 Iba. 

Making allowance for the water due to the presenoe of the 
oxygen and hydrogen together we get — 

Hydrogen = ^-063 —\ = -046. 

The quantities therefore stand — 

Carbon = '821 Iba. 
Hydrogen = '046 „ 



Water = -064 



99 



Carbon '821 x 14500 = 11904 units of heat 
Hydrogen '046 x 62032 = 2853 „ 



14768 units of heat = 
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total heat of combustion — 



Oxygen required for 0^ = 2*18 lbs. 

„ H,0 = -368 lbs. 



Total oxygen consumed = 2-'548 lbs. 

Associated nitrogen in air . = 8*918 lbs. 

Total quantity of air consumed . = 11*466 lbs. 

Resulting carbonic acid . . . 3 lbs. X -216 = -648 

( Water in coal . . '064 ^ 

Steam } „ from hydrogen V *478 lbs. x 480 = -229 

( burnt . . -414^ 
Nitrogen 8 918 lbs. X -244 = 2*176 

3*053 

To find the elevation of temperature in this case we must 
deduct the latent heat in the steam from the total heat of com- 
bustion, when we get — 

14768 - (966° X '478 ) ^ ^^g^o = elevation 
3-063 

of temperature above the atmosphere. 

We find from the above results that the total heat of com- 
bustion of coal compared with that of coke is greater, whilst 
the elevation of temperature of the products is less. This is 
owing to the heat absorbed in raising the temperature of the 
increased quantity of air required in burning coal, and also in 
consequence of the heat rendered latent in evaporating the 
water in the fael. The respective temperatures here assigned 
are never realised in practice, owing to the cooling effect of the 
unbumt air, plates and material in the furnace. The quantity 
of heat absorbed by the ashes and other ingredients in the fuel, 
which is however comparatively small, should also be taken into 
account in estimating the exact temperature due to the combus- 
tion of any fneL 

The theoretical amount of air required for any given fuel 
depends upon the chemical composition of that fuel, and may 



264 A TREATISE ON STEAM BOILERS. 

be obtaiDed by the following formula where A = weight of ftir 
required — 



A = 12 + 36 



(-i) 



For all kinds of coal and coke the minimum weight of air re- 
quired may be taken at 121bs. per lb. of fuel, the variation on 
either side of this quantity being immaterial. 

It must not, however, be assumed that coal or coke can h& 
properly burnt in a boiler furnace with anything like so small an 
amount of air as this. Since carbon cannot be economically burnt 
in the presence of the carbonic acid formed, this gas must be 
diluted with a considerable quantity of oxygen or air to be 
ready for combustion with the carbon it meets with. This 
necessary reserved quantity of air for dilution will vary iu 
amount according to the manner of its distribution, and the 
velocity with which it is forced amongst the burning fuel. 

When the pieces of coal are small and of a caking nature 
they form into a large solid mass over the bars, restricting the 
passage of air to a few spaces, especially when the draught is 
moderate, and a large amount of oxygen passes in consequence 
unbumt through the fire. When the draught U severe good 
coking coal can be burnt with a good result, and some descrip- 
tions of this coal ai*e highly piized by those who know how to 
URe them. With slightly bituminous or semi-bituminous non- 
caking coal in large or small pieces the bulk of air passed 
through the grate is more or less minutely divided, and more 
favourably diffused for combining with the carbon. 

From various experiments conducted under different circum- 
stances it appears that for an ordinary chimney draught the 
weight of air required for dilution may be taken as equal to 
that required for combustion. This gives us 24 lbs. as the 
quantity of air required for each pound of fuel But when the 
air is driven with great velocity by a strong draught amongst 
the burning fuel the combination with the oxygen is more 
readily effected, and a smaller quantity of air is required. With 
very powerful chimney, or artificial draught, the weight of extra 
idr required is found to be considerably less than the above, and 
may be taken as one and a half the minimum quantity, making 
1 8 lbs. per lb. of fuel. 

In burning semi-bituminous steam coals a considerable quantity 
of fresh air is required for combining with the hydrocarbons 
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above the layer of coal, and mnst be admitted directly to the 
gases either at the furnace front or at the bridge, or, which is 
perhaps better, at both, unless the furnace is specially designed 
for air admission to the sides or middle of the space above the 
fuel. Whichever plan is adopted too great care cannot be 
taken to admit the air in small jets by perforatious or other 
means, especially when its direction is parallel with the current 
of gases. This ensures a better mixing, and prevents to a very 
material degree the undesirable cooling effect of introducing a 
large volume of cold air in one place, which is liable to defeat 
the end for which it is introduced. 

As the chemical action between the fuel and the oxygen can 
only take place when the two are in intimate contact, the 
rapidity and completeness of combustion and intensity of heat 
will be increased by increasing the number of points of contact, 
or by reducing the size of the pieces of fuel. The ultimate con- 
clusion to be drawn from this is that coal should be used as 
dust, or, still better, as gas, in order to afford the greatest 
facilities for perfect combustion. No doubt this conclusion is 
theoretically correct, and the Jitter mode will in time be brought 
largely into practice. The principal difficulty in the employ- 
ment of these methods, enpecially the former, ,is to arrive at 
and apply successfully the proper quantity of air for admixture. 

With boilers having a good chimney it is usual to have a 
damper for regulating the draught or altering the quantity of 
air admitted. For every description of boiler the most econo- 
mical rate of air admis!>ion will depend upon the general and 
detailed arrangement of furnace, quality of coal, ratio of grate 
area to effective heating surface, <bc. When this rate is 
exceeded, or, in other words, when the fire is forced, it does 
not of necessity follow that a large amouit^t of unbumt oxygen 
will escape to the chimney. Whether this will take place or 
not will depend upon the distribution and thickness of coal on 
the grate, facility afforded for mixing the air with the gases as 
they leave the furnaces, and amount of air introduced other- 
wise than through the fire bars. It may happen, as indeed it 
usually does with skilful firing, that the quantity of free oxygen 
ill the chimney decreases as the force of the draught is increased, 
siuce the quantity of the coal properly consumed increases still 
more rapidly, in consequence of the more intimate contact 
with the oxygen caused by the more rapid draught. 

The evil of forced firing is generally to be found in the fact 
that the increased velocity of the gases diminishes the efficiency 
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of the heating surface, as will be shown below, the quantity of 
heat extracted by the boiler depending upon the length of time 
the products of combustion are allowed to be in contact with 
the absorbing surface. 

Should, however, the volume of unbumt air discharged into 
the chimney increase with the forced firing the result will be a 
waste of heat equal in amount to that absorbed by the increased 
quantity of air admitted, in addition to the lois due to the in- 
creased velocity of the gases. 

When the supply of air is too small imperfect combustion i» 
the result, causing either smoke or the formation of carbonic 
oxide, or both, according to the nature of the fuel and distribu- 
tion of the air. The loss of heat owing to the formation of 
carbonic oxide is frequently 25 per cent, of the whole amount 
due to the most economical supply of air. The carbonic oxide 
is invisible, but its presence is sometimes revealed, especially in 
coke burning, when on opening the fire door it bums with a 
blue flame, as it becomes ignited by contact with the cold fresh 
air. When burnt with oxygen at a high temperature the colour 
of the flame is yellow. 

Dry carbon bums without flame. When flame is seen above 
a coke or charcoal fire it is caused by the burning of carbonic 
oxide, or of hydrogen, which has found access to the fire either 
in the moisture absorbed by the fuel, or from some steam or 
vapour passing through the bars with the draught. 

If we take the actual quantity of air required for burning 
coke as .|, and that for semi-bituminous ooal as double the 
theoretical quantity, we shall find the elevations of temperature 
to be respectively 3215° and 2478% the total heat of combus- 
tion being as above 14630 units and 14758 units. 

The distinction is here seen between the total heat of com- 
bustion and the temperature of the products of combustion, or 
between the quantity and intensity of heat, the latter being 
much greater in fuel containing little or no hydrogen, although 
a less quantity of heat is produced. The cause of this is 
evident : in burning, carbon requires for its perfect combustion 
but one third the weight of oxygen or air required by an equal 
amount of hydrogen, producing a corresponding small weight of 
carbonic acid, compared with the steam produced by the com- 
bustion of the hydrogen. Again, the specific heat of carbonic 
acid gas is less than one-quarter that of steam, and it is upon 
the weight and specific heat of the products of combustion that 
their temperature depends as well as their total heat of com- 
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bustion. Moreover, in burning dry carbon or coke, there is 
but little or no steam to render latent any of the heat. 

But the intensity of the heat given out by a piece of coal 
during its combustion will be proportionate to the rapidity with 
which it bums. The element of time is therefore of great 
importance in considering the heating effect of any given kind 
of fuel. The theoretical intensity of heat of two different 
qualities of coal, calculated from their chemical analysis, might 
be nearly alike, yet, with the same ordinary draught one kind 
might be a quick burning ''lively" coal, of loose structure, 
developing an intense heat during its rapid combustion in a 
boiler furnace, whilst the other may be very compact and slow 
biiruiDg, the heat developed not being intense compared with 
the first. The caloritic intensity of slow bumiug coal is 
diminished by the loss of heat that takes place by conduction 
and radiation. 

Although the combustion of hydrogen produces the largest 
amount of heat of any known combustible uuder favourable 
conditions, the large quantity of air required for its combustion 
in an ordinary boiler furnace renders the attainment of a high 
temperature by it impossible. 

The reason is thus obvious for making coal into coke and 
wood into charcoal when a very high temperature is required. 
A given quantity of coal properly burnt, and where the heat is 
all utilised, will evaporate more water than the same weight of 
cuke, but twenty times the weight of coal cannot in practice be 
made to produce the same temperature that is produced by the 
coke, and this ia why it is so valuable for smelting purposes 
where an intense heat is required and where the products of 
combustion are brought into contact with the material to be 
heated. 

The following are the temperatures T produced by the perfect 
combustion of 1 lb. of substance with its minimum quantity of 
air, and T' the temperature of 1 lb. with oxygen without 
nitrogen :— ^ 

Hydrogen = T = ^/^0^^^-(^^f ^ »> =4783° &T' = 12346° 

(28 X -244) + (9 X -480) 

I 

Carbon: T = , — ]^^ ^ = 4723° & T' = 18308° 

(3-67x-216)+(9-33x-244) 
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Carbonic Oxide : T = , i??? = 6233^ 

(1-57 X -216) 4- (2 X -244) 

and T' = 12738° 

01efiantGa8:T= 21344- (966° x 1-287) ^^^^. 

(3 145 X -216) + (1.287 x -48) + (12 x -244) ' 

The flame of a fire is usually not so hot by contact as the 
incandescent fuel With many anthracite coals which require 
a strong draught and a high temperature for their combustiou, 
the intense heat is concentrated near the fire bars, rendering 
them liable to waste. In order to prevent this the method has 
been employed of placing water beneath the fire grate, which on 
evaporating passes through the fire above, and is decomposed 
into its constituent oxygen and hydrogen. The latter, on 
biuming with flame, distributes the heat better through the 
furnace, and renders it more eflfective for heating crucibles or 
other articles, only a small part of which are brought into contact 
with the incandescent coal. 

In practice, the whole available quantity of heat produced in 
a boiler furnace is never utilised. There is usually a large 
amount lost by radiation, which will depend upon the arrange- 
ment, condition, and material of the furnace, and may be taken 
as a rule at from 5 to 10 per cent. The amount of heat lost 
by the hot asht>s, clinkers, and fuel falling through, the bars 
varies from 1 ^ to 15 per cent. In ordinary practice it may be 
taken at 10 per cent. There is a large amount, seldom less 
than 25 per cent., wasted by the gases escaping at a high tem- 
perature, from 400° to 700° into the chimney. The total 
amount available for evaporation is therefore but 60 per cent, 
in the best average practice with interually fired boilers. The 
average amount utilised in externally fired boilers is only about 
50 per cent. 

In using coal containing a large amount of hydro-carbons, a 
great loss often occurs by their escaping unburnt. With care 
this loss may be, to a great extent, avoided, yet some authorities 
estimate the evaporative power of various classes of coal by the 
amount of fixed carbon they coutain. 

Taking the temperature of the escaping gases on leaving the 
boiler to be the same for coke and coal, say 600" or 538° above 
the atmosphere, which is the average temperature to ensure the 
best draught we have for coke, with -J air for dilution, 538° x 
4.24 = 2281 units of heat ; and for coal, with 2 air for dilution, 
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538° X 5*77 = 3104 uuits. These are equivalent to an evapo- 
ratiou at 212^ of 2*3 and 3*2 lbs of water respectively per 
pound of fuel 

This shows that there is a greater loss in the escaping gases 
from the combustion of coal as compared with that of coke, on 
account of their greater weight and specific heat, and the heating 
surface should therefore be made proportionately greater, or the 
grate area less, to obtain the same evaporative efficiency, ofcher 
conditions of evaporation being equal in both cases. 

Apart from indicating the presence of ash, sulphur, and 
other deleterious ingredients, and the decided scarcity, or other* 
wise, of hydrogen and oxygen, the ultimate composition of any 
description of coal affords but little assistance in determining 
its value' for different purposes. Nearly the same quantities of 
elements in different coals may* arrange themselves before and 
during combustion, so as to produce very different series of 
compounds. Analysis shows but slight difference in the 
quantities of the ingredients present in the best house, steam, 
ooking and gas coals of the semi-bituminous and bituminous 
kinds, and yet the difference in the comparative quantities of 
coke and gas they yield is very great. It is only by actual trial 
under different conditions of combustion that the value of any 
kind of coal can be ascertained. Nor can the theoretical 
calorific value deduced from the chemical composition be taken 
as a certain indication of the evaporative value attainable in 
practice. No doubt evaporative results from various kinds of 
coals bearing the same proportion to their theoretical calorific 
power can be obtained by carefully constructing and managing 
the furnace and boiler to suit the coal to be burnt ; but of two 
kinds of coal giving about equally good evaporative results 
when burnt to their beat advantage, that requiring the least 
amount of attention in firing will naturally be most highly ' 
prized. 

Numerous experimehts, with conflicting results, have been 
conducted by the rival North country and South Wales coal- 
owners to determine the comparative value of the steam coals 
from their respective districts. The most trustworthy results 
of these experiments are given in the annexed table. These 
were obtained under conditions favourable to the combustion 
aud absorption of heat from the best descriptions of each kind 
of coal, wlfich prove that there is but little difference in their 
evaporative value, when the hydro-carbons of the semi-bitumi- 
nous North country coals are properly and effectively consumed ; 
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Comparative remits of the trials of the Norihumberla7bd, Welshy 
aiid South Lancashire and Cheshire Coals. 
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these are more combustible or bum more "lively" than the 
best slightly-bitumiaous or best steam coals of South Wales, 
and are therefore superior in rapidity of combustion and evapo- 
rative velocity per foot of fire grate, or, in other words, can 
raise more steam in a given time. When speed of evaporation 
is a desideratum, the semi-bituminous coals have a decided 
advantage over their rivals. They are also about 50 per cent, 
harder to resist hammering and rough usage than the others, 
which, when broken by a hammer, splinter into fragments 
whilst the semi-bituminous coals merely break through their 
lines of cleavage. 

These experiments prove that with care, semi-bituminous 
coals of good quality can be burnt without any smoke, and that 
their evaporative power is increased when the formation of 
smoke is properly prevented. 

The results obtained in the experiments by dint of great 
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care and skill in firing and arranging the furnace for each kind 
of coal are considerably higher than are attained in ordinary 
work, and more especially in the case of the semi-bituminous 
coal, where the necessary attention required for economical 
smoke prevention cannot always be counted upon. The soot 
deposited from the flame of these coals soon forms a coating 
over the heating surface, which cannot be removed so frequently 
in actual work as during a series of experiments, and speedily 
impairs the steaming power of the boiler. Forcing the fires 
then becomes necessary, unless there be a large margin of boiler 
power, and both smoke prevention and evaporative economy 
become well-nigh impossible. The facility offered by good 
North country coals for rapid combustion tends greatly to cause 
carelessness on the part of the fireman, and it may be questioned 
whether their great combustibility is always an advantage, 
leading as it does to wasteful consumption ; the required evapo- 
ration being maintained by " blazing away " the coals, instead 
of close attention to the stoking and keeping a well-spread 
and dean fire. 

With the same description of boiler and furnace the heat of 
the escaping gases, when long-fiamiDg semi-bituminous coals are 
burnt, is likely to be higher than when coals having a shorter 
flame are used. With the former the generation of the heat is 
spread over a greater length of surface by the long flame, and 
has consequently a shorter run for its absorption. In the latter 
case nearly all the heat at a very high temperature is generated 
on the bars, and can be taken up by the greater lengtlT of 
surface it has to traverse. For this reason shorter grates are 
required in burning semi-bituminous or long flaming coal than 
for a coal containing a less quantity of volatile ingredients, such 
as the South Wales steam coal, in order to obtain the same 
evaporative economy. This has been proved by numerous 
experiments, and also that the provisions for air admission and 
mode of firing best adapted for one kind of coal may be totally 
unfitted for another kind. The type of boiler and furnace should 
always be adapted to the kind and quality of coal to be eib- 
ployed. It is no exaggeration that boilers and furnaces can be 
selected which would give 50 per cent, higher duty with one 
kind of coal than with another, whilst in other boilers the 
superiority might be reversed. 

In conducting competitive coal trials in any given locality the 
coal that hajs been carried the greatest distance is likely to be in 
the worst condition for testing. South Wales coal tested on 
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the Tyne is placed at a disadvantage with its rival, which can 
be procured fresh wrought from the pit, whilst at Cardiff the 
advantage would be on the other side. Owing, however, to 
the friable nature of the best Welsh steam coal, it deteriorates 
much more rapidly than its rival from the uorth, by shipment aod 
transport, as well as by lyiug in store exposed to the atmosphere. 



CHAPTER XIV. 

SMOKE PREVENTION AND FIRING. 

Is consideriDg the rationale of smoke making and prevention, 
it is advisable at the outset to explain what smoke really is, as 
there exists considerable misunderstanding on this point. 

When a fresh charge of semi-bitumiuous ooals, such as ordinary 
North country house coal is thrown on to the fire, in sufficient 
quantity to prevent the immediate formation of flame, a volume 
of gas or vapour usually of a dark yellow or brown, or bluish 
black colour, as seen against the dark background of the fire- 
place, is given off. The quantity evolved will be greatest 
when the coal is very small. This gas, or vapour, is commonly 
called smoke, but it is not what is meant by that term when 
used in speaking of the smoke-nuisance, and does not deposit 
soot. The colour of the gas a4 it issues from the chimney will 
greatly depend upon the character and distance of the back- 
ground against which it is seeu, upon the nature of the light it 
is seen by, whether it is transmitted or reflected, the former 
lending a yellowish, and the latter a bluish, tinl 

Against a dark background of brickwork or hills, it appears 
grey or blue ; against dark clouds, light brown or grey, or is 
not visible at all ; and against white clouds or a blue sky, brown 
or yellow, but never quite black, or like true smoke. 

If a sheet of white paper be held over the vapour as it 
escapes from the coal and there is no flame, the sheet 
will become slowly coated with a sticky matter of brown 
colour difficult to remove, and having a strong tarry or 
sulphurous smell. This colour and smell are due to the tarry 
matter, sulphur, and other volatile ingredients in the gas. 
Deprived of these colouring matters, the vapour is a carburetted 
hydrogen (chiefly olefiant gas, and marsh gas), or a chemical 
mixture, of hydrogen and carbon, and nearly the same as the 
colourless gas by which our houses are lighted. 

When the chaige of coals and the escaping coloured gases 
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have aitamed a considerable temperature, the lafcter can be 
ignited on the application of a light or by stirring the fire. No 
coloured vapour will now be yisible above the flame as seen 
against the back of the fireplace, but if we hold a clean sheet of 
paper above the flame, we shall find along with a greatly dimi- 
nished amount of adhesive colouring matter a deposit of soft 
black smuts, or particles of carbon, difierent in colour and 
nature from the other deposit. A chemical change has taken 
place, one result of which is the appearance of these carboa 
particles which were not visible before. The carburetted 
hydrogen gas on becoming ignited is converted into flame, or in 
other words, by the aid of the heat the hydrogen of the gas has 
entered into chemical union with the oxygen of the air, pro- 
ducing flame and heat by their union and forming water, 
which passes off in invisible steam. At the same time, the 
carbon, which was present although invisible in the gas, has 
been liberated, and is partially consumed and partially deposited 
on the cold paper in minute visible particles. 

lu an open fireplace where the surrounding temperature is 
low the ignition of the hydrogen, and consequently the forma- 
tion of flame is essential to the liberation of these carbonaceous 
particles which in their minute state are carried aloft by the 
ascending current of steam and gases, or are deposited as soot 
on the surfaces with which they come in contact. It is the 
volume of vapour and gases coloured by the carbon particles 
that forms smoke, properly so called. On issuing from the 
chimney these particles, if not carried away by their enveloping 
medium which is always of considerable volume (a ton of coal 
properly consumed giving off nearly half a ton of water), 
would foil at once as a cloud of light black dust. The colour of 
the smoke will be light or dark according to the proportion of 
carbon particles present in the gases. 

The carbon contained in our lighting gas can be rendered 
visible, in a somewhat similar manner to the above, by pressing 
a cold white plate or saucer down upon a jet of burning gas. 
As the defiant and marsh gases issue from the burner they are 
decomposed by the heat ; the hydrogen is partially separated 
from the carbon, and being more inflammable, bums 6rst with 
flame, in which the carbon particles are highly heated. If 
sufficient oxygen can come in contact with the carbon while 
still at a high temperature, it will be burnt without smoke, but 
by cooling it with the surface of the plate before the combina- 
tion is effected, the carbon is deposited as very fine soot. 
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Smoke may be formed even with an abundant snpply of 
oxygen at band for combination with the carbon, by cooling 
down the flame below the temperature necessary for igniting the 
carbon, before the union is effected. This may be done by 
surrounding the flame with a good conductor of heat at a low 
temperature. 

It would thus appear that the liberation of the carbonaceous 
particles, and consequently the appearance of true smoke takes 
place only after the formation of flame. This is true only so 
far as it applies to an open fireplace, or jet of lighting gas, 
where the temperature of the surrounding atmosphere is 
low. 

In close furnaces where a high temperature is maintained, 
the carbon may be liberated from the gases by the heat without 
the combination of the hydrogen, and consequently without the 
presence of flame, smoke or soot being the possible result, as 
in the other case. 

Smoke in all cases can be avoided simply by bringing a 
supply of fresh air in contact with the carbon while it is red 
hot in the flame, or at a sufficiently high temperature to combine 
with the oxygen. The combination passes off as invisible 
carbonic acid gas. 

What is required then is the presence of sufficient air and a 
sufficiently high temperature. In our domestic fireplaces, we 
usually have the former, but as a very small quantity passes 
through the bars, the great bulk is of a very low temperature, 
and steals away the heat before the chemical union of the 
carbon and oxygen can be effected. In a boiler furnace, on the 
other hand, there is always a sufficiently high temperature, 
unless the furnace be choked with fresh fuel ; but the supply 
of air, especially above the fuel, is too often wanting. The 
supply of air in sufficient quantity to the upper portion of the 
furnace, at the back, or front, or middle, or sides, is the object 
of all good ^lans for smoke prevention. 

A mode of getting rid of the smoke by consuming it was 
formerly frequently, and still lb to some extent resortel to with- 
out the direct introduction of air to the hot gases. The smoke 
once formed, is allowed to mix with carbonic acid at a high 
heat, a second furnace being sometimes provided for the pur- 
pose, when the solid particles of carbon are dissolved in the gas 
producing carbonic oxide. The result of this method is a 
considerable waste instead of a saving of fuel, although the 
appearance of smoke may be prevented. Tbe plan might be 

V 
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rendered economical by the introduction of a supply of fresh 
air at the right time and place. 

Ab flame is essential to the production of smoke at a lo«r 
surrounding temperature, it is evident that if the hydrocarbons 
can be expelled without flame, and the temperature at the same 
time kept down, there will be no smoke. In order to carry 
this into practice it is only necessary to dampen the coab 
sufficiently with water or to mix with them some substance, 
such as bark, containing moisture. The absorption of the heat 
by the fresh charge of coals and steam given off along with the 
gases as well as its interception by the caking of the coal 
which is increased by this treatment, keeps the upper portion 
of the furnace at so low a temperature, that the hydrocarbons 
escape in the unbumt state, without the formation of real 
smoke, but at a great sacrifice of fuel and speed of evaporation. 

The prevention of smoke by this method is sometimes 
wrongly ascribed to the water introduced along with the coal, 
being decomposed by the heat, when the liberated oxygen is 
said to combine with the carbonaceous particles. But unfortu- 
nately for this theory, when the hydrocarbons do ignite, the 
presence of water seems rather to increase the quantity of 
smoke than diminish it. 

As has been already observed, steam can be decomposed by 
passing it through a body of incandescent fuel, and the method 
is of service in some melting furnaces, but it is difficult to 
perceive how any economical advantage is to be obtained by 
applying it to boiler furnaces (unless it is wanted for making 
flame), where it is also likely to reduce the firebars very rapidly. 

Again, by regulating the draught, and. by simply throwing 
on sufficient coal to choke and cool the furnace, the ignition of 
the hydrocarbons can be prevented, but as they pass off un- 
consumed, this method of smoke prevention is also veiy wasteful 
of fuel, besides having the disadvantage of making steam slowly 
and intermittently, especially when the coal is of a caking 
nature, since it canUot be stirred before the hydrocarbons have 



Some plans to prevent smoke by closing the damper and so 
reducing the draught at the time of firing have been tried, and 
have always failed, except where the formation of flame has 
been prevented. The draught shoidd be increased instead of 
diminished for a short time after firing, in order to give the 
most economical result. 

With a view to obviate the chilling influence of the boiler 
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plates, which eztingnish the flame coming in contact with them 
before the combustion of the carbon particles is completed, 
various plans have been tried for completing the combustion in 
fire brick reverberatory furnaces erected in front of the boiler. 

In furnaces of this kind there is often a greater loss of heat 
by radiation and conduction than in a {xxriuuoe either inside of 
or directly underneath the boiler, and the extra cost involved 
in their erection and maintenance not being compensated by 
any corresponding saving in fuel, operates against their general 
adoption. This plan of delaying the utilisation of the heat 
until the combustion is complete is no doubt theoretically 
correct, but most attempts to carry it out in practice have 
failed in economy, probably owing tQ the loss of the radiant 
heat from the incandescent fuel 
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The thickness of the fire and its mode of distribution on the 
grate must be regulated by the size, quality, and nature of the 
fuel, the force of the draught and the facilities for effective air 
admission. When coke and good -sized coals, containing a 
small proportion of hydrocarbons are used, sufficient air for 
perfect combustion can be made to pass through the fire bars 
with a good draught, provided that the fire, generally speaking, 
does not exceed 8" in thickness. With a forced draught, as in 
locomotive boilers, this thickness may be greatly increased, but 
it is dependent in a great measure upon the size of the pieces 
and character of the fuel 

By careful firing, and admitting a sufficient quantity of fresh 
air directly to the hydrocarbons, nearly any kind of semi- 
bituminous steam coal can be burnt without smoke. 

In using round semi- bituminous non-caking coal of the best 
quality, a fire in ordinary sized furnaces from 10" to 14" 
thick is the best for economical combustion, care being taken 
that sufficient, but not too much, air is admitted for admixture 
with the combustible gases whilst they are still at a very high 
temperature. The best mode of firing most kinds of good smoky 
coal of this description is to pile it up on the dead plate, in order 
TO allow the volatile ingredients to be expelled by the heat radiated 
and diffused through the furnace. These ingredients, mixing 
with an adequate supply of air entering through the provisions 
in the furnace door or front, ignite in passing over the hot 

fuel, and are completely consumed. 

N 2 
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The mass piled up at the door becomes gradually converted 
into coke, and on being pushed forward over the fire at the next 
charge is burnt principally by the air which passes through the 
bars. Some furnaces require to be altered for the successful carry- 
ing out of this " coking " method of firing, which gives the 
most economical, though not the most rapid evaporation. The 
pieces of coal should not be introduced larger than the size of 
a man's fist. The fire will require recharging every 20 or 30 
minutes, according to the draught, combustibility of the coal, 
and size of furnace. 

If the coal is small and cakes very much, this plan is not 
admissible, and regular firing with moderate charges at from 10 
to 15 minutes' intervals must be adopted. With two furnaces, it 
is best to fire alternately, and not one immediately after the 
other, in order to maintain as much as possible a steady 
evaporation, and to prevent a double volume of smoke appear- 
ing in case any should be produced. When the width of the 
furnace permits, it is also advisable in most cases to employ 
** side " firing, that is, to throw the coal on each side of the 
fire alternately, always leaving one side bright, so as not to 
cool the whole furnace at once. This method is preferable to 
the " spreading" system which is commonly employed. There 
can be no doubt that this last is the best mode of firing for 
rapid evaporation, but it is the least economical and the most 
difficult for avoiding smoke making, unless very small charges 
at short intervals are introduced. 

The number of shovelfuls thrown on at each charge with both 
side firing and spreading firing will vary from 4 to 1 2, according 
to the size and quality of fuel, intensity of draught, and speed 
of evaporation required. 

In using small coals — slack, duff, pease, or beans, the gases 
are disengaged abnost instantaneously when a charge is thrown 
on to a hot fire, and cause a difficulty of admixture with the air, 
even when a sufficient supply is present. The only way to 
prevent smoke when using slack, without wetting it, is to keep 
up an almost continuous firing with small charges in order to 
aid the mixing of the air with gases. With limited boiler 
power, however, this method cannot be successfully employed, 
as the cooling effect of the large and frequent volume of cold 
air entering through the open furnace door checks the quick 
raising of steam, and even where the boiler power allows of 
this plan being carried out, the volume of air which passes 
unbumt is far too large to render the employment of such & 
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method oonsistent with a due regard for the economy of 
fuel. 

For the most economical method of buTDing slack without 
producing smoke, mechanical firing must be resorted to. This 
enables a small and regular supply of fuel to be introduced 
without the admission of too much air ; in fact, the supply of 
air may by more than one method of mechanical firing be too 
much restricted, and cause a waste of heat by the production of 
carbonic oxide. TMs is, however, seldom the case and the error 
of having too thin and open a fire, which allows too much air to 
pass off unbumt, is the rule. 

The steady evaporation ensured by a good arrangement of 
mechanical firing is sometimes a serious objection to its employ^ 
ment, where the quantity of steam required varies quickly and 
to a couiiiderable amount. Another objection urged against 
most systems of mechanical firing is that the speed of evapora- 
tion is inferior to hand firing. This can in most cases be ob- 
viated by altering the rate of feeding, thickness of fire, and 
details of furnace. 

With good round coal, hand firing is preferable to any de- 
scription of mechanical firing, with respect to both rapidity and 
economy of evaporation, whilst very little skill is required for 
a satisfactory prevention of smoke when there is sufficient boiler 
power. 

The size of the perforations for the admission of air through 
the furnace front should not exceed ^'' diameter, and the sum 
of their areas should not be less than 2" per square foot of fire 
grate, and in some cases requires to be as much as 5'' per square 
foot of grate surface. 

Perforated dead-plates are sometimes used with advantage, 
and in many cases when the supply entering by the perforations 
is not sufiicient for consuming the smoke, the furnace door maj 
be left ajar for a minute or two after firing. 

As to whether the admission of air above the fire requires to 
be regulated for the different stages of combustion, there is a 
diversity of opinion. It is contended that as the largest amount 
is required when the gases are evolved immediately after firing, 
the quantity admitted, when constant, must be too great for 
the last stages of combustion if merely sufficient for the first, 
and a loss of heat must be the result. This argument applies 
with greatest force to the spreading system, where the requisite 
quantity of air after charging is greatest, and where the escape 
of the gases is soonest completed. But when the coking system 
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is employed the evolution of the hydrocarbons is more gradual 
and continues fur some length of time, during the whole of 
which the admission of air is necessary. Experiments, recorded 
by Peclet, on a boiler with provisions for admitting air above 
the fuel, having an area of '16 the air space of the fire grate, 
showed that the quantity introduced through the bars imme- 
diately after each charge was very small ; that the quantity 
increased as the coal became converted into coke, and at the 
end of the interval between firing it was about four times as 
great as at the beginning. The quantity of air admitted by 
the openings above the fuel remained nearly constant. 

These results distinctly show that with any but the coking 
system of firing, the air admission above the fuel should only 
last until the hydrocarbons are expelled, that is, two or three 
minutes after firing. 

With a constant admission of air to the upper part of the 
furnace, even on the coking principle, the speed of evaporation 
is usually diminished, although smoke is prevented. This is 
why so many engineers and firemen object to the plan of ad- 
mitting air above the fire. 

The di£Sculty caused by the diminution in the speed of 
evaporation points to the greatest obstacle economical smoke- 
preventors have to contend with, namely, the want of sufficient 
boiler power. There are many boilers worked so hard that the 
admission of air above the fuel in barely sufficient quantity to 
prevent smoke, reduces the rate of evaporation below that re- 
quired. Boilers working under such conditions are burning 
tiieir fuel with a great waste, and although the evaporation 
may be rapid it is at a sacrifice of economy. On the other 
hand, the fact of the necessity of having so much boiler power, 
shows that the cooling effect of admitting a considerable quan- 
tity to prevent smoke may not always be economical. 

The fact is, that in many cases no economical gain has been 
obtained by a complete smoke-prevention but just the reverse. 
This may be accounted for on the suppositioh that the increase 
of heat due to the burning of the hydrocarbons is sometimes 
coxmterbalanced by the lowering of the temperature by the ex- 
cess of air after the fuel is converted into coke, or that there is 
an excessive admission of air when the hydrocarbons are evolved, 
or that the facilities for mixing the air with the gases at the 
right time and place are insufficient. Peclet records some ex- 
periments where it was found that so long as there was a larger 
volume of carbonic acid than free oxygen in the escaping cur* 
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rent, the smoke was thick ; that it began to dear when the two 
Yolmnes were equal, and disappeared when the Tolame of free 
oxygen was eqnal to twice that of the carbonic acid. 

It is frequently found necessary to shorten the fire grate in 
order to maintain the evaporative economy, when a furnace is 
altered with a view to prevent smoke by admitting air directly 
to the gases evolved from the ooaL In very many boilers the 
length of fire grate is excessive. Whenever it exceeds 6 feet it 
is almost certain to be productive of waste, as the grate beyond 
this length is beyond the control of the stoker in the majority 
of furnaces. Indeed, there are thousands of boilers working 
with 6-foot grates, which might with great advantage be reduced 
by firom 12 to 24 inches in length. A large grate by burning 
more fuel will raise more steam in a given time than a smaller 
grate, but the increase of evaporation will not be proportionate 
to the increased quantity of fuel consumed. The shorter the 
grate the more economical will be the consumption. In fact, 
the economical limit to shortening the grate is only fixed by the 
power of producing sufficient steam without burning the coal 
too rapidly for complete combustion, by distressing the fire with 
too frequent stirring. 

Oases are to be found where the difficulty of keeping a very 
large grate covered increases so rapidly with the strengtii of the 
draught, that che production of steam is actually reduced as the 
draught is increased, in spite of the greater consumption of fuel. 
This is owing to the quantity of uuburnt air, which passes 
through one portion of the grate, increasing more rapidly than 
the quantity of heat generated on the rest of the grate. In 
such cases a reduction of the size of the grate, or force of the 
draught, will be followed both by speed and economy of evapo- 
ration, and less attention will be required in firing. 

The bars of internally fired boilers are frequently placed too 
high, the advantages of a large combustion space to aid the 
mixing of the air with the hydrocarbons, of a large furnace 
surface for absorbing the radiant heat from the fiiel, and of a 
thick fire for burning all kinds of good steam coal, being too 
frequently sacrificed for the single advantage of an inch or two 
more width of grate. 

The distance of the bars from the bottom of externally fired 
boilers may be varied within considerable limits, according to 
the sisse of boiler, intensity of draught, nature of coal, and 
thickness of fire. A distance of 14" or 16'' from the surfiice of 
the fire to the boiler plates appears to be about the best average 
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height. By increaBiDg the distance much of the effect of the 
radiant heat is loaty and by bringing the fire too near the boiler 
tliere is a liability of damaging the plates, and of extinguishing 
the flame, impairing the combustion, and producing smoke. 

The weight of fuel in pounds per hour burnt on each square 
foot of grate is termed the rate of combustion, and depends 
upon the draught and combustibility of the fuel The rate of 
combustion varies with different classes of boilers, and in dif- 
ferent districts. The following may be taken as the average 
practice with semi-bituminous coals. 

lbs. per square foot 
of grate per hour. 

Lowest rate of combustion in Cornish boilers 4 

Usual rate in Cornish boilers . .10 

Usual rate in externally fired and internally 

fired Factory boilers . . 10 to 18 

Usual rate in Marine boilers . . 14 to 26 

,, „ in Locomotive boilers, with blast 

pipe . 60 to 130 

The maximum rate of combuB^ion of semi-bituminous steam 
coal, with air-admission through the grate and above the fire 
and with chimney draught, is about 40 lbs., but the evaporative 
economy decreases rapidly with a combustion exceeding 30 lbs. 
The maximum rate of slightly-bituminous steam coal with air- 
admission through the grate only is about 35 lbs., but even 
below this rate the intense heat given out by these coals has 
been found to fuse the bars rapidly. Their evaporative economy 
decreases with a more rapid rate of combustion than 26 lbs. 



CHAPTER XV. 

HEATING SURFACE. 

The evaporative power of a boiler mainly depends upon Uie 
efficiency of its heating surface, whose duty is to transfer the 
heat from the products of combustion without to the water 
within. 

The heat is communicated to the transmitting surface in two 
different ways, — by radiation and by contact ; and from two 
or three different hot masses in the furnace, viz., the solid in- 
candescent fuel, the flame, and the hot gases produced by com- 
bustion. Beyond the furnace bridge or tube plate the heat is 
imparted by contact and radiation from the flame and gases 
only. 

The amount of heat transmitted by radiation from one body 
to another diminishes as the square of the distance between the 
bodies increases. The effect on any surface is also diminished 
by any increase in the inclination at which the rays fall 
upon it. 

The radiation from solid incandescent fuel is greater than 
from flame, whilst transparent hot gases scarcely radiate any 
heat at all. The more intense the contact heat of the flame 
by thorough mixture with the air, the less is the heat by 
radiation. 

Conduction is the transfer of heat either between the par- 
ticles of the same body, or between the parts of different bodies 
in contact, and it is distinguished respectively as internal 'and 
external conduction. The rate at which the former takes place 
in metal plates is very much greater than the latter, where the 
heat passes from the hot mass to the plates, and fr(Hn these 
again to the water. 

The efficiency of any heating surface may be defined as the 
proportion borne by the amount of heat it transmits to the 
whole amoimt available for transmission, and in this sense the 
term efficiency will be here used. The conditions on which 
this effioieuqy depends are as follows : — 

N 3 
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1 . The extent of snrfaoe acted npon by the heat and in con- 
tact with the water. 

2. Its position and arrangement with respect to the heating 
medium on one side and the water on the other. 

3. The nature, condition, and thickness of the solid body 
forming the heating surface. 

4. The difference of temperature between the heat on one 
side of the solid body and the water and steam on the other. 

6. The time allowed for the transmission of heat. 

6.^ The nature of the heating medium, and the manner in 
which the heat is communicated, whether from incandescent 
fuel, flame, or heated gas, and whether the heat is communi- 
cated by radiation or by contact. 

1. In estimating the extent of heating surface it is customaiy 
to take the whole area of furnace, combustion chamber, flues, 
water tubes, <fec., in contact with the heat on one side and the 
water and steam on the other, and to consider the evaporative 
power of the boiler as proportional to the total number of square 
feet of surface thus found. It is evident this method would be 
correct if every unit of heating surface possessed the same 
transmitting value. As we shall presently see, however, this is 
not the case, and although the efficien<7 of the surface may be 
increased by extending it, it does not follow that the increase of 
efficiency is in direct proportion to the increase of extent, but 
is greatly dependent upon the other conditions enumerated. 

2. Owing to the low conducting power of water the applica- 
tion of heat to its upper surface is almost entirely useless for 
warming the mass of water beneath. Inflammable liquids floating 
on water can be burnt without raising it 1^ in temperature, 
whilst generating sufficient heat to evaporate the whole mass if 
applied below instead of above. 

In order to obtain the greatest effect the heat should be 
applied to the bottom of a vessel containing water. Mid when 
the heating medium is inside a vessel surrounded by water it 
should be applied to the crown. In both cases the heat is dif- 
fused through the liquid mass by convection. When water is 
heated it becomes lighter and ascends, being displaced by a 
descending column of colder water ; but when the water is heated 
by the bottom of a vessel or tube with which it is in contact, on 
becoming lighter it clings to the surfieMe above it, and diffuses 
no heat downwards. 

In Tredgold'fi work on the steam engine it is recorded: — 
*^ Mr. Armstrong found that a cubical metallic box, submorged 
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in water, and heated from within, generated steam from its 
upper surface more than twice as fast per unit of area than it 
did from the sides when vertical, and that the bottom yielded 
none at alL These remarkable differences are owing to the 
difficulty with which steam separates from a vertical surface to 
give place to fresh charges of water, and to the impossibility of 
leaving the inverted surface at all. By slightly inclining the 
box the elevated side much more easily parted with the steam, 
and the rate of evaporation was increased ; while on the depressed 
side the steam hung so sluggishly as to lead to an overheating 
of the metal" 

A flat horizontal surface not too far above the layer of fuel 
is usually considered to be the most favourable for raising 
steam. By being made concave to the fire it has, however, the 
further advantages of being still better adapted for receiving 
the radiant heat ; of facilitating the access of fresh supplies of 
water to replace the heated ascending particles, and thereby 
promoting the circulation ; of boiling off the matters deposited 
from the water, and so preventing incrustation ; and of being 
stronger, and in some cases more durable. 

Next in efficiency to the flat surface with the water above 
comes the sloping surface surrounding the fire, which is superior 
to one in a vertical position, as it receives the rays of heat at a 
more favourable angle, and allows the steam bubbles to escape 
more freely. The sides of locomotive fire boxes for these 
reasons, as well as for improving the size of the usually too con- 
tracted water spaces, are best made sloping, although the area 
of the crown is thereby somewhat diminished. 

In the locomotive class of boilers the fire box tube plate acts 
perhaps as effectively as the crown in transmitting the heat per 
unit of area, the rapid impingement of the flame and hot gases 
against it compensating for any disadvantage due to its vertical 
position. The efficiency of the crown is too often impaired by 
its top hamper, in the shape of stays, ferrules, bolts, dsc 

From what has already been stated it is obvious that the 
value of any horizontal surface beneath the fire, whether flat or 
curved, is inappreciable, and not worth consideration as heating 
surface. In externally flred boilers the heating surface is 
usually convex to the fire. This is by many regarded as in- 
ferior to a concave surface, probably because it is not so well 
adapted for directly reoeiving the radiant heat from the fire, and 
does not appear to offer an equal facility for ciroulation. The 
results obtained from this description of surface in actual work 
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do not appear to yerify thiB conclusion. The inferior evapora- 
tive power asually alleged of the ordinary externally fired 
boiler is, in great measure, due to the dissipation of heat in the 
furnace. 

Where the containing vessel is surrounded by the heating 
medium, as in water tube boilers, and in the " bouilleurs" of 
elephant boilers, the top side cannot be considered as effective 
heating surface, in consequence of the manner in which the 
steam remains in contact with it. The efficiency of these tubes 
surrounded by heat should increase rapidly with the pressure, 
since the space occupied by the steam will decrease as the pres- 
sure is augmented, and the circulation will be improved* The 
sides hold an intermediate position between the top and bottom, 
which latter may be taken as completely effective in absorbing 
and transmitting the heat. Taking the efficiency of the top as 
0, and that of the bottom as 1, that of each of the two sides 
will consequently be ^, and the average of the whole circum- 
ference 

+ J + J+l_i 

showing that the whole surface utilises only one half the 
quantity of heat it would utilise if it were all equally as effective 
as the bottom. In like manner the effective area of a tube 
internally heated vrill be found to be only one-half its total 
area. In plain cylindrical externally fired boilers only the 
under half of the circumference is exposed to the heat, whilst in 
an internally fired tubular boiler the whole surface of the tube 
beyond the bridge (when clean) is exposed. If we take the 
ratio of the diameter of the externally heated, boiler and inter- 
nally heated tube as 2 : 1, the whole surface exposed will be 
equal in both for a given length of boiler, but the effective 
surface will be in the ratio of 3 : 2 in favour of the externally 
fired boiler. 

. On leaving the furnace the flame and hot gases come in 
contact with heating surface, which may consist of internal 
tubes of widely different sizes, and of elliptical, circular, or rec- 
tangular cross section ; combustion chambers ; horusontal, in- 
clined, or vertical water tubes ; and the flat or round ends 
and curved bottoms and sides of the boiler sheU. As we 
have already seen, the upper portion of horizontal internal 
tubes forms the most effective evaporating surface, the flame 
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ftnd hottest portions of the gases coming in contact with it on 
one side, and the steam escaping readily from the other. The 
upper surface of the tube on the fire side is kept tolerably clean 
by the intense heat and current of hot air when the draught is 
not sluggish. The water side is kept comparatively free of 
incrustation when the deposited matters carried up by the 
ebullition are not prevented from passing away and settling 
where the water is quiet. For this reason, and also to allow 
the rising steam to escape freely, sufScient space should be left 
between the tubes in a multitubular boiler, — ^about ^ their 
diameter. For facility of cleaning or washing out, and also to 
facilitate the escape of the steam as it is generated, a cluster of 
small horizontal tubes are best arranged in vertical rows, and 
not zig-zag, or in rows runniDg at an angle of 30° or 60°, which 
is done for the sake of getting the greatest possible number of 
tubes in a given area of tube plate. 

The crowding of tubes in multitubular boilers is often carried 
to an extreD(ie, especially in the locomotives on some of the Con- 
tinental railways, with the view of getting more surface, but 
without regarding the other conditions of steam raising. Heating 
surface in the abstract is one thing, its efficiency is another. 
Theoretically, the spaces between the tubes should increase with 
the distance from the lowest row of tubes. In arranging them 
in vertical row« this can only be attained by decreasing the 
diameter of the tubes as they ascend, which is, however, objec- 
tionable in practice. The under portions of the tubes and 
internal flues are almost worthless for steam raising, not only 
on account of the difficulty the steam has in escaping from the 
surface on one side, but idso in consequence of the depoidt of 
soot, ashes, and flue dirt which is the rule on the other. The 
incrustation also accumulates much more rapidly, and to a 
greater thickness, on the under side than on the crown of tubes, 
especially of lu*ge diameter, principally on account of the com- 
paratively quiescent state of the water in contact with the 
former. 

The manner in which the heat from the swift current through 
a horizontal tube is brought in contact with the metal is pro- 
bably by a kind of convection. Assuming the gases entering a 
tube to be all of the same temperature, the particles striking 
against the upper surface must give up part of their heat, and 
in cooling descend by virtue of their increased gravity, despite 
, the onward and upward force due to the momentum of the mass 
which opposes their descent. The hot particles immediately 
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behind and beneath these will come in contact with the upper 
surface a little further on, and so a species of convection is kept 
up as the gases sweep idong. Tliis probably gives rise to the 
unduhtting and winding manner in which flame may be ob- 
served to pass along a horizontal tube. It would hence appear 
that the tubes should be inclined downwards from the furnace, 
instead of being quite horizontal, in order to aid the contact 
of the hot gases with their upper surfiices. A very small 
amount of heat is transmitted by radiation from the hot gases 
durlog their flight But when the flue deposit on the bottom 
of small tubes is not too thick to impair the draught it may 
act advantageously in robbing the lower part of the gases of 
part of their heat, which, when sufficient to maintain the layer 
in a state of incandescence, will be imparted by radiation to 
the tube crown. 

In horizontal internal flue tubes various means have been 
devised for extracting more of the heat out of the gases than 
they will yield by radiation or conduction through their mass, 
by breaking the currents at intervals, and so bringing fresh 
portions of the gases in contact with the plates. This is perhaps 
best efEeoted in large tubes by the introduction of side water 
pockets and central water tubes, which also improve the circu- 
lation, and at the same time may be made to impart additional 
strength to the main tubes. The area of the passage is, how- 
ever, contracted by these expedients, and the draught impaired, 
which in some cases causes a reduction in the evaporative 
velocity, instead of an increase, which the application of Uie 
increased heating surface is expected to produce. The cleaning 
of even large tubes is rendered more difficult by these heat 
extractors, which circumstance alone very often more than coun- 
teracts any advantage they would otherwise aflbrd, causing a 
reduction both in the economy and rapidity of evaporation. 
This difficulty precludes their adoption in small tubes altogether. 
Only the face of the water tubes and pockets against which the 
rapid current impinges on its way to the chimney can be re- 
garded as really effective heating surface. In order to facilitate 
the escape of the steam as it is generated, vertical water tubes 
should be made conical, and no water tube should ever be 
arranged horizontally, as this position is unfavourable to the 
circulation, and renders the escape of the steam well nigh 
impossible. 

In passing up through vertical tubes the gases act at a disad- 
vantage for imparting their heat to the plates. The particles 
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cooled by contact with the sides on entering have no tendency 
to make way for those in the middle of the current that still 
retain their heat, which can therefore only be indifferently im- 
parted by radiation or conduction. Transverse water tubes, or 
some other means for extracting the heat &om the gases by 
contact are necessary adjuncts to vertical boilers, to render them 
anything like economical steam generators. These water tubes 
should always be arranged with considerable inclination, to 
allow the steam to escape freely along the upper surface, against 
which it rises as quickly as it is generated at the bottom, and 
so improve the circulation. The cross tubes both in vertical and 
horizontal internal flued boilers should never be arranged all in 
a line, but each tube should be set at an angle with those pre- 
ceding it, so as to intercept the greatest possible amount of heat 
by breaking up the current of hot gases. 

Besides greatly adding to the heating surface, the cross tubes 
and the auxiliary vertical tubes sometimes used in upright 
boilers also promote tbe circulation throughout the boiler, and 
thus act indirectly in improving the heating surface of the main 
tubes themselves. 

3. The evaporative efficiency depends on the nature, con- 
dition, and thickness of the material forming the heating sur- 
face. In a homogeneous plate the resistance to internal con- 
duction is proportional directly to the distance the heat has to 
traverse, or to the thickness of the plate and inversely to the 
difference of temperatures between the two faces, whence the 
quantity of heat in units transmitted, through 1 square foot 
of plate per hour may be represented by 



T — r 

^ ~ Ft 



where T = temperature of hot gases ; T' = temperature of 
water ; t = thickness of plate in inches ; and P = co-efficient of 
thermal resistance found by experiment, and, according to 
Pedet, is '0096 for iron and *0040 for copper. 

Expressing the resistance to external conduction by the 
co-efficients, H and W, which represent respectively the resist- 
ance to the absorption of heat by the face of the plate, and 
the resistance to emission on the other side in contact with the 
water, then the total thermal resistance, internal and external. 
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is expreased by P i 4* ^ + ^ '^^ ^® qnantitj of heat 
tmunnitted by 

T — r 



Pi 4- H + W. 



From this expresion it ia evident that the heat transmittiiig 
power of the pLite decreases with the thiokness and resistance, 
or conyersely, increases with the facility offered by its heatr 
absorbing, conducting, and emitting qualities ; also that the 
resistance is not directly proportional to the thickness or the 
conducting i)Ower of the plate. The smaller P and i and the 
larger H and W become, so does the importance of the influence 
of the thickness diminish. In consequence of the great 
superiority of the internal compared with the external con- 
dnction of copper, brass, iron, and steel, some eminent 
authorities conclude that the small difference in their con- 
ducting powers and thickness has no appreciable influence on 
the amount of heat they transmit 

Peclet, who foimd that all metals conduct about alike, when 
their surfaces are dull, quotes two experiments that appear to 
bear out this conclusion. One was with a boiler of cast-iron 
and the other with a boiler of copper. Both were exposed to 
a fierce fire and plunged into the flame. Each produced about 
20 lbs. of steam per square foot of surface per hour. 

Carefully conducted experiments, and the result of actual 
practice, show that after the first few days' work, with ordinary 
impure feed water, there is no perceptible difference in the 
eTaporative power of copper, brass, and iron tubes, although 
their relative internal conduction powers are respectively 74, 
24, 12, and that so far as the economical use of fuel ia con- 
cerned, there is no gain in employing the dearer metals. The 
same result has also been found when using slightly different 
thicknesses of the same metaL Although the difference be- 
tween the steaming powers of new boilers with furnace plates 
^ and i inch thick is sometimes found to be material, it rapidly 
disappears as the plates become coated over on both sides. 
Layers of oxide, incrustation and grease on one side, and soot, 
flue deposit, or the products from the slow distillation of the 
coals on the other, greatly increase the resistance to the pas- 
sage of the heat. The conductive powers of these substances 
really meanure the evaporative power of the tube or plate ; 
being bad thermal conductors, their obstruction to the passage 
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of the heat from the gases or fael to the water is so great, 
in comparison with that of iron or copper of ordinary thick- 
nesses, that the latter loses its sigDificance, or, in other words, 
the quantities P and ty for either copper or iron in the formula 
are so small, compared with H and W, as not to be worth 
considering. 

The rapidity of the internal conduction is greatly dependeht 
upon the homogeneity and solidity of the plates, for. all kinds 
of boiler materials. Where much lamination occurs in the 
plates, the internal may actually become a succession of external 
conductions, the rate of transmission being in consequence 
seriously affected. It is a well-known fact that ^" and ■^^" 
furnace plates are much more liable to fracture and become 
otherwise injured from excessive heating than -^g^' and f " plates. 
This is sometimes adduced as a proof of the inferior evaporating 
powers of thick plates ; but it does not follow that the in- 
feriority is appreciable in the amount of water evaporated. 
The manner in which the injury to thick plates comes about 
is as follows — when the plate is homogeneous and imiform, the 
conduction between the two faces will be uniform throughout, the 
temperature being highest on the fire side and diminishing 
gradually to the other side, where it is lowest. The difference 
will be in proportion to the thickness. Assuming the face in 
contact with the water to be maintained at a constant tempera- 
ture, it follows that the other face will be more and more 
heated as the thickness is increased, and consequently more 
liable to injury from sudden cooling. If the internal face, 
instead of being in contact with water, is covered with scale, 
or the plate is laminated, or a double thickness occurs, the 
thermal resistance may be indefinitely increased, and the liabi- 
lity to injury by the plate attaining a very high temperature 
seriously aggravated. This is proved by the bursting of 
blisters and the fracturing of the lap edges through the rivet 
holes. Formerly, when the difficulty of roUiug-boiler plates 
increased with their thickness, the more frequent presence of 
lamination in thick plates would probably have much to do 
with their alleged increased resistance to thermal conduction. 
The difficulty of obtaining sound boiler plates j" thick, 
and even more, is, however, no longer to be considered 
general 

It is said that the thickness of the wrought-iron fire box 
plates in American locomotive boilers is diminished gradually, 
by the action of the heat, until they are about -^f^^ ", which 
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appears to be the thicknesB that tranBmits the heat with just 
Buffioieiit rapidity to keep the anrfaoe on the fire dde, below a 
wasting temperatare« This wasting does not take place to so 
great a degree with oopper plates, owing to its superior internal 
rate of conduction, -^ inch being the thickness which corres- 
ponds in this respect to the ^V ^^ iron. It is obvioos, how- 
ever, that the impurities in the fuel and water and local action 
of the draught will affect the thickness of the plate, quite 
independently of its oonduoting power. 

It is the opinion of some experienced boiler inspectors that 
thick furnace plates, both vertical and horizontal, receive a 
slightly thicker coating of incrustation than thin plates, under 
exactly similar conditions of temperature, water, Ac This 
can only be accounted for on the supposition that the ebullition 
over the thicker plates is less intense, which would appear to 
prove their inferior evaporative value. 

4. In coming in contact with the first unit's length of heat- 
ing surjboe the gases part with a portion of their heat, they 
will consequently have a diminished amount for the next unit's 
length, and this will be still further reduced by contact 
with fresh surfaces, so that each successive portion transmits a 
gradually diminishing quantity of heat, until the gases escape 
with a certain excess of temperature above that of the water. 
It is usually stated that the quantity of heat so transmitted 
by the plate or tube is in direct proportion to the difference 
in temperature between the heating medium on one side and 
the water on the other. This conclusion must, however, be 
received with some qualification. If the hot gases anc^ air 
passing through a tube po8se:«sed the property of imparting their 
diminishing heat, under similar oonditions and in a uniform 
manner throughout, and if the resistance to conduction offered 
by the heating surface were uniform for its entire length, it is 
probable that the heat imparted at each point in its passage 
would be nearly in direct proportion to the difference of tem- 
perature. Assuming the gas to enter the tube at 1800^ and 
at each successive stage to impart ^ of the difference of 
temperature to the water at 212^, we should have the first 
amount transmitted 

1800*^ — 2120 

6 = 2^*^- 

The gas arrives at the next point with a temperature of 1800°-* 
264'' = 1536% the amount utilised in this case will be 
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1536^ — 212** 



6 



= 221°. 



The tempeiaturo at the next stage will be 1636'' — 221"" = 1315% 
and so on, for each successiye steps, until the gases escape at 
850°, as shown in fig. 22. 



Pig. 22. 

1800 



15 



36 13 



15 



31 9:8 



264 221 184 153 128 



850 



But the manner in which the heat is transmitted by the 
gases is not the same throughout. At that end of the tube 
where they enter the heat is imparted to the metal directly 
by the hot gases in contact, which are thereby rapidly cooled 
down, and the heat for the remaining length of tube must, 
in some meanure, be transmitted by radiation or conduction 
from the hotter particles, at the axis of the tube, through 
the cooler mass, which now surrounds them, or by convection, 
as stated at page 277. As the transmission of heat by radiation 
and conduction requires time, and is almost nil with hot air and 
transparent hot gases, it appears then that the heat near the 
exit end must be imparted mainly by convection, and, there- 
fore, at a comparative disadvantage, and hence the evaporative 
duty of opposite ends of the tube will not be in direct propor- 
tion to the difference between the temperatures. The amount 
of heat imparted as the gases are cooled down will not be so 
great as we obtained above, nor will the temperature of the 
escaping gases be so low. 

If this be the case when air is the heating medium throughout, 
the difference in the proportion of the quantity of heat imparted 
at opposite ends will be much greater when flame is drawn through 
a tube or along the bottom of a boiler, for a short distance, 
owing to the great superiority that flame possesses over hot air 
as a heating agent under the droumstances we are con- 
sidering. 

According to Professor Eankine, when the difference between 
the heat of the gases and the water is very great, the rate of 
conduction increases faster than the simple ratio of that dif- 
ference, and is nearly proportional to the square of the difference 
of temperature. The rate of conduction in thermal units for 
plates and tubes per square foot of surface per hour may be 
expressed by 
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Q = (T — TV, 



where T and T' represent the temperatures of the two fluids, 
which are respectively in contact with the two faces, and a is 
a constant, which, lying between 160 and 200, agrees veiy 
well with the results of experiments on the evaporative power 
of boilers. 

The above considerations will lead us to expect a very small 
evaporative duty from the exit ends of long tubes, or, generally, 
from heating surface where the temperature of the gases is very 
much reduced, or the heating medium is changed from flame to 
heated air a'bd steam, and no surprise will be caused by the results 
of various experiments that have been made from time to time, 
to prove the superiority of firebox surface to tube surface. In 
1830 Stephenson found that in a locomotive boiler, open to the 
atmosphere, and with the firebox separated by a plate from the 
barrel, that one foot of firebox was equivalent to three of tube 
surface. In 1840 Mr. Dewrance modified the experiments by 
dividiug the barrel of a small locomotive boiler into six com- 
partments, that next the firebox being 6" long, and the 
remaining five compartments each 12" long. The results 
foimd were that the first six iuches of tube were equal, area 
for area, to the firebox surface ; the second compartment was 
only about one-third as efifective, while in the remaining four 
compartments the evaporation was so small, according to the 
experiments, as to be practically useless. 

In 1858 Mr. C. W. Williams experimented on a small open- 
topped boiler, 4' 6'' long, having a 3'' tube passing through 
it. The boiler was divided into five compartments, the first 
being 6" and the rest 1 2" in length. The heat was supplied 
by means of a gas burner, placed in one end of the tube, 
bent down at a right angle. In a trial of four hours the 
water evaporated from 44° was in the five compartments 
severally 96, 44, 24, 19, and 16 ounces ; and although the 
temperature of the escaping products of combustion was about 
500°, that of the water in the last compartment was only 
170^ In another trial of four hours with the same boiler, 
from an initial temperature of about 190°, the results were 
98, 44, 32, 23, and 17 ounces evaporated. The temperature 
of the water in the last compartment fell to 170% showing 
that the absorption was less than the radiation of heat, which. 
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however, would not have been the case had the boiler been 
closed in or protected. 

The temperature of the escaping products was in this case 
about 485°. In a third experiment the boiler and tube were 
lengthened to 5' C, and divided into five equal compart- 
ments, 12" long, and a strong coke fire was substituted for 
the gas jet. In a trial of three hours the quantities evapora- 
ted from 50° were 117, 92, 73, 64, and 63 ounces, the pro- 
ducts escaping at a temperature of 800^, whilst the tempera- 
ture of the water in the last division did not exceed 206° at 
the conclusion of the trial 

About 1864 some further trials were undertaken with a 
multitubular boiler 5 feet long. The tubes were divided off 
into 6 lengths by plates at intervals. The compartment next 
to the tube plato was only 1" long, the second 10", and the 
four remaining were 12" in length each. The following 
quantities of water were found to have been evaporated, after 
three hours' work : — 

Compartment No. 1 ( 1" long) — 46 ounces. 

„ 2 (10" „ ) — 47 „ 
„ 3 (12" „ ) — 30 „ 
4 (12" „ ) — 22 
6 (12" „ ) — 18 

6 (12" „ ) — ir 



„ 5 (12" „ ) — 18 „ 

J" 



As there were no separate means of measuring the quantity 
evaporated by the tube plate, the large amount given for the 
first length of 1" was in reality partially due to tube plate 
surface. The decreasing value of each succeeding length need 
occasion no surprise, although the exact manner of decrease 
in each case is not very clear. 

From these and other experiments it has by many been 
erroneously concluded that in boilers having long tubes, say 10 
feet or more, only the first 12 " or 20 " of length is of material 
evaporative value. The results of the experiments were how- 
ever obtained under conditions very different from those under 
which the tube is employed in practice, the principal difference 
between the absence of strong draught which draws the 
flame through the tubes, especially in a locomotive boiler. The 
stronger the draught the greater will be the temperature of the 
escaping gases, and consequently the greater the waste^ bnt by 
puUiog the flame through the tube the value of the heating 
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surface u more equalised for the whole length and the rapidity 
of evaporation greatly increased. The stronger the draught the 
greater the velocity of the current of gases, and as we shall 
presently see, the greater should be the length' of the tubes to 
allow time for absorbing the heat. Experience proves that in 
boilers at work all the tube surface is important for speed of 
evaporation, provided the draught is suitably increased with 
the length of tube. 

The great superiority of the furnace-heating surface, both in 
locomotive and other types of boilers, is no doubt greatly owing 
to the radiant heat from the incandescent fuel being principally 
absorbed here. According to Peclet, the proportion of radiant 
heat from red-hot coal may be taken as 0*5 of the total heat of 
combustion. The greatest quantity of this is given out upwards, 
and but very little is absorbed by the hot air, except what is 
not taken up by the plates against which it radiates, in the 
same manner as our atmosphere is only warmed by the earth 
and not by the sun's rays which pass through it. 

If we assume that f of the total heat from the incandescent 
fuel is absorbed by the furnace plates, and ^ is carried off by 
the escaping gases for producing the draught, we have only 
i left for absorption by the heating surface of the flues or 
tubes, and owing to the heat being more favourably circum- 
stanced for abnorption by the surface near the furnace there 
remains but little heat to be extracted by the surface at a 
distance from the fire. The tube surface is of most value for 
transmitting the heat from the flame which comes in contact 
with ity and its value is least when the fuel bums without 
flame. 

The comparatively small heating power at the escaping ends 
of the tube in the experiments is only what we might expect 
when the hottest portions of the gases are not brought into 
direct contact with the plates. There are many cases where the 
tube surface has been replaced by combustion chambers, pre- 
senting a less amount of transmitting area for the flame, but 
allowing a better mixture of the gases and a more perfect com- 
bustion, yet a loss of evaporative power has generally been the 
result, showing that the value of the tube surface had been 
underrated. 

On the other hand, increasing the heating surface by placing 
numerous tubes at the back end of long internally Bred boilers 
has led to disappointment, no benefit having resulted from it, 
in great measure owing to the reluctance with which the hot 
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gaseB give up their heat, and in consequence of the retarding of 
the draught by the contracted area of the tabes. There is also 
another important circamstance that operates strongly against 
the eyaporative power of the back ends of long tabular boilers 
of all classes where bad feed water is ased, except, perhaps, in 
locomotives. The parts of the boiler on which the incrustation 
is mosb thickly and rapidly deposited is where the water is 
quietest, or the ebullition least violent, and consequently where 
the least amount of heat is absorbed. This amount of incrus- 
tation increases with the age of the boiler, and as the resistance 
to thermal conduction increases in proportion, it is obvious that 
the rate of conduction will decrease in a still more rapid ratio 
than the square of the difference in temperature between the 
two faces. In many cases of externally and internally fired 
boilers, the decrease in the rate of conduction and evaporation 
cannot be less than the cube of that difference. 

It is evident from what has already been stated that we must 
at last arrive at a point where no useful effect can be gained by 
still further increasing the heating sur£»ce. This point is not 
always determined alone by the difference of temperature between 
the two fluids, which at any point depends in great measure 
upon the force of the draught, but is governed also by the 
nature of the heating medium, position of heating surface and 
its resistance to conduction. Where there is no means of 
improving the draught there is a positive loss in having too 
extended a heating surfi&ce, either in plates or tubes, especially 
in the latter, as the accumulation of soot that takes place in 
them impedes the draught, which again causes a further deposit 
of soot, and so the evil goes on increasing. 

If we assume the diminution of the rate of conduction we 
found at page 283 to be correct, at the same rate, by doubling 
the length of the tube we should have the temperature of the 
escaping gases at 474°, giving an increase of 376° utilised for 
evaporation or 

3T6 

= 24 per cent. 



1800—212 



of the available amount in the case we have considered, but 
approximately not more than 12 per cent, if we take the tem- 
perature of the fire at 3000°, the difference between 3000° and 
1800^ being absorbed in the furnace. But we should not gain 
even this increase of power if we double the length of the boiler 
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in order to obtain a corresponding increase in the length of 
tube, there being a great loss of heat dae to radiation into the 
atmosphere from the boiler shell, which loss increases directly as 
the length, and beyond a certain limit it is evident that we 
shoold lose more than we should gain by adding to the length 
of the boiler. 

On the other hand, by reducing the length of the boiler too 
much, a large quantity of heat would be wasted, owing to the 
excessively high temperature at which the gases would escape. 
As a rule we should make our heatiug surface as great as 
possible, taking care to discharge the products of combustion at 
a sufficiently high temperature to ensure a good draught and 
not to waste more heat by radiation from the boiler than is 
transmitted by the heating surface. The temperature of the 
escaping products should not exceed 600% which is about the ' 
maximum in good practice and the best for ensuring a good 
draught. 

6. The eyaporative efficiency of a given amount of heating 
surface depends upon the time allowed for the transmission of 
heat through it, or for the contact of the hot gases. The greater 
their velocity, the less time have they for imparting their heat 
to the plates or tubes where the length of surface is constant. 
The velocity through a tube may be increased, either by reducing 
its area, the total quantity of gases passing through remaining 
constant, or by increasing the draught, and so causing a greater 
amount of gases to pass through in a given time, the area of 
the tube remaining unaltered. When the heating surface 
consists chiefly of tubes, as in the locomotive tyt)e of boiler, the 
collective area of the tubes may be diminished without decreasing 
the extent of heating surface, since the sectional area varies as 
the square of the diameter, whilst the surface measured by the 
circumference diminishes simply as the diameter. With the 
gases passing at the same velocity through two tubes, whose 
diameters are as 1: 2, the latter will be traversed in a given time 
by four times the quantity of gases, and will have only twice the 
surface to absorb the heat. Therefore, to obtain the same 
evaporative economy as in the small tube, we must double the 
length of the larger, or generally speaking the proportion 
between diameter and length of a tube is constant for the same 
evaporative efficiency. When an increased quantity of gaaes of 
the same density pass through a tube in a given time, although 
there will be a greater absorption of heat, there will still be a 
loss by the increased amount of heat remaining in the escaping 
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gases ; and in order to preserve the same economy, or in order 
that the heat of the escaping gases shall remain constant, the 
length of the tube must bo iocreased in proportion to the 
increased quantity of gases passed through. 

If we consider the heat to be imparted to the tube sui^ace by 
radiation, which, however slight, is probably the principal mode 
of transfer in vertical and other long tubes, where the convection 
amongst the particles of gas cannot be supposed to take place to 
any great extent, we may assume the heat to be concentrated in 
the axis of the tube, whence we find the quantity of heat 
received in a given time by the surface from radiation will be 
invertiely as the square of the diameter. By doubling the 
diameter we shall have four times the quantity of gases passed 
through, and the quantity of heat received in a given time will 
be only one quarter of what it was before, owing to the increase 
of distance. The surface being, however, twice as great, the 
absorption per unit of length becomes equal to one-half the 
original. Therefore, in order to bring the evaporative efficiency 
up to the original, we must double the length of tube, or 
generally we must increase the heating surface as the square of 
the diameter, in order to obtain the same evaporative efficiency 
from radiation when increasing the diameter of a tube. 

But if we reduce the diameter to one-half, we increase the 
absorbing power fourfold per unit of surface ; the heating surface 
being however reduced to one-half, the evaporative power of the 
tube will be only doubled, whence the tube may be reduced to 
one -half the original length and still retain the same evaporative 
efficiency, or, the length remaining unaltered, the quantity of 
gases passing through should be doubled to maintain the same 
temperature at the escaping end, or, as before, the efficiency of 
each square foot of heating surface increases inversely as the 
square of the diameter. 

When a fuel is used which burns with a long flame, the 
diameter of the tubes should not be too small to exclude the 
flame altogether from passing along them, as it is of much more 
evaporative value than the transparent products of combustion, 
owing to the small radiating effect of the latter. But where the 
hydro-carbons and carbonic oxide can be sufficiently burnt 
before reaching the tubes these can scarcely be made too smalL 
In locomotive furnaces the presence of the brick or water arch, 
by retarding the passage of the gases to the tubes and giving 
more time for the proper combustion of the volatile parts of th« 
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fuel should render socoesHfal the application of atiU smaller 
tabes than are generally used. 

6. From what has already been stated oonceming the small 
amount of heat transmitted by radiation, conduction, and 
Gonveotion from the transparent gaseous products of combustion, 
the heating surface, at a distance from the furnace, in order to be 
effective, should be arranged to bring the gases in direct oontact 
with it, by suddenly changing the direction of their current, or 
by placing water tuben in their path, but at the same time the 
arrangement must not impair the draught to a serious degree. 

The evaporative value of a square foot of heating surface 
varies then in di£ferent classes of boilers as well as in the same 
boiler, according to its condition, nature, position, &c In 
consequence of this and the uncertainty of the other conditions 
on which depends the evaporative power, there is considerable 
difficulty in determining precisely the area of heating surface 
necessary for the production of a given amount of steam. The 
simplest way to estimate the evaporative power of a boiler is to 
take the average duty of the whole heating surface found by 
experience for the various descriptions of boilers in use. We 
may take the average maximum evaporative effect of a square 
foot of heating surface at 21 lbs. of water per hour, or one cubic 
foot of water evaporated by three square feet of surface. It 
will be more than this in some locomotive fireboxes, and where- 
ever a jet of flame impinges violently againt the surface, and 
less in some furnaces of externally fired boilers. The precise 
value has never yet been found. In locomotive boilere the 
highest average value for the whole surface in the boiler is 
13 '5 lbs. of water from one foot of surface, or about 1 cubic 
foot of water from about 4^ square feet of surface ; and in 
ordinary tubular and externally fired boilers from 3 to 7 Iba, 
or 1 cubic foot from 21 to 9 square feet of heating surface, 
ranging from 20 lbs. per square foot of furnace surface to a few 
ounces or nil per square foot at the point where the gases quit 
the boiler. 

For a given description of boiler, it is evident the evaporative 
efficiency will mainly depend upon the ratio between the 
quantity of coal consumed and the extent of heating surface. 
The quality of the fuel and the manner in which it is bumt^ as 
well as the condition of the heating surface, have necessarily an 
important influence upon the evaporative efficiency and power. 
As we have already seen, there may be considerable latitude 
allowed in determining the ratio of consumption to heatiug 
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surface. By slightly increasing the draught and burning more 
fuel, or, in other words, by slightly forcing the fire, we may 
materially increase the speed of evaporation with a very small 
loss of economy ; and, on the other hand, we might add yery 
greatly to the heating surface without finding any appreciable 
benefit either in speed or economy. 

The small gain in economy, accompanying an increase of 
heating surface, is most marked when the area added is parallel 
with the current of gases, and at the part of the boiler where 
they quit it and where it can be least effective, beiug acted upon 
only by the radiant heat from the gases. But if the additional 
surface is placed in the furnace so as to absorb an additional 
quantity of the radiant heat from the fire, or arranged so as to 
receive the heat of the fiame and gases by direct contact, which 
may be done by diminishing the diameter and increasing the 
number of tubes in a multitubnlar or water-tube boiler, or by 
placing an efiicient feed -water heater between the boiler and 
chimney with which the gases come in direct contact, the 
ecouomy may be maintained whilst the consumption of fuel and 
speed of evaporation is increased. 

Mr. D. K. Clark, who has carefully investigated the relations 
of grate area, heating surface, and consumption of fuel and 
water in locomotive boilers, ariives at the following oouclu- 
sions : — 

1. For a given extent of heating surface the eeonomioal 
hourly consumption of fuel or water decreases directly as the 
grate area is increased, and consequently in order to maintain 
the same efficiency or economical effect, the total hourly con- 
sumption should be reduced at the same rate as the grate area 
is increased. 

2. For a given area of grate the total hourly consumptioit 
should vary as the square of the heating surface. Thi^t is, if 
we double the area of heating surface, we can bum four times 
the quantity of fuel with the same grate area and maintain the 
same evaporative efficiency or economy. 

3. For a given hourly consumption the area of the firegrate 
should vary as the sqiaare of the heating surface in maintaining 
the same efficiency. That is, if the heating surface be doubled, 
the grate area may be increased four times, and the same 
economical consumption maintained. 

Now with respect to the first of these conclusions, it would 
appear to hold good for all descriptions of boilers. In general 
it may be said that there cannot be too little grate area for 

2 
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eooDomieal evai)oratioD. Eyaporatiye economy is, however, not 
oompatible with evaporative speed, and the diminution of grate 
area is limited by the speed of evaporation required, and by the 
maximum rate of combustion found to be cousistent with 
ecouomy, which varies in different classes of boilers. By re- 
ducing the grate area the economical value of the heating aurfaoe 
of the boiler may be iiicreaRed, although the speed of evapora- 
tion may at the same time be diminished. From the relations 
embodied in the second and third conclusions, that when the 
heating surface is doubled the economical hourly consumption 
of fuel may be iucreaKed fourfold by increasing the rate of com- 
bustion or the size of the grate, it may be concluded that the 
efficiency of each foot of surface is increased by merely increas- 
ing the surface, or that the evaporative power of the boiler is 
increased more rapidly than the increase of heating surface, 
whilst the efficiency ia maintained. There is, however, a 
maximum quantity of coal that can be economically burnt on 
each square foot of grate, which limits the power to be derived 
by increaHing the heating surface, while the grate area remains 
constant, and with a given rate of consumption of fuel the 
increase of grate area is limited by practical considerations 
already noticed. 

It is, however, more especially to boilers of the locomotive 
type that the two last conclusions can apply. In adding heat- 
ing surface to a locomotive boiler with a given area of firegrate, 
we can only increase the size of firebox, add mid feathers or 
similar expe<Iients, and increase the number of tubes, as the 
length of boiler cannot Uhually be incrensed. This at once adds 
considerably to the economical evaporative power, by offering a 
larger surface at the most effective position in the boiler ; and 
if the diameter of the tuben be at the same time reduced, the 
evaporative efficiency is likely to be still further increased, as the 
smaller tubes are better adapted for extracting the heat from 
the ganes, and the result found in practice agrees with the 
theoretical considerations advanced abovec 

But in the case of an ordinary stationary boiler we can only 
augment the heating surface to any considerable extent by 
adding to the length of the boiler, or by increasing the run of 
the flues. In either ca»e we add the heating surface where it is . 
least effective, and where the least quantity of water is evapo- j 
rated, in consequence of the gases being here cooler, and in the ' 
worst condition for imparting their heat, and also on account of 
the deposit of soot and incrustation being thickest where the 



HEATINQ fiUBFA^CE. 298 

gases quit the boiler for the chimney. By doubling the length 
of a tubular or externally fired boiler we should not be able even 
to double the consumption of fuel and maintain the same 
evaporative ecouomy. Besides, unless the draught can be 
materially increased at the same time that the run of the fines 
is lengthened there will be a decided falling off in the speed of 
evaporatioD. 

In the locomotive the forced draught allows a greater range 
in the rate of combustion than can be obtained in stationary 
and marine boilers. 

With a sluggish draught small tubes are liable to become 
choked up with soot or fine deposit, and this liability increases 
with the length of the tube. The same remark applies to a 
great extent to external fines, where the tendency of the soot 
to adhere to and accumulate upon the plates increases with the 
length of fine and sluggishness of draught. In multitubular 
boilers with chimney draught the ratio of the length to the 
diameter of tuba should not exceed 24 : 1. In locomotives it 
may be made as much as 120 : 1. The reduction of the 
diameter of the tubes ia limited by the area of the fine way it is 
found necessary to maintain, which will greatly depend upon the 
strength of the draught. In multitubular boilers with chimney 
draught the ratio of total tube area to grate area should be 
about 1:7. In locomotives the proportion of the collective 
sectional area of tubes to grate area is usually about 1 : 4. 
With a constant proportion of grate area and flue way, the grate 
i4 reduced to on^half by doubling the quantity of tubes of a 
given length, and still maintaining the same quantity of heating 
surface in them. As twice the quantity of fuel should be burnt 
on this reduced area to maintain the same efficiency, it follows 
that four times the quantity of fuel is to be burnt per hour per 
square foot of grate. The practical impossibility of exceeding a 
certain rate of combustion should restrict the reduction of the 
diameter of the tubes. With a given length of boiler the reduc- 
tion of the diameter of tubes is limited by the ratio of diameter 
and length of tube it is advisable to adhere to. At the Wigan 
coal trials in 1868 the effect was tried of dispensing with the 
external flues of a Lancashire and Galloway boiler, the gases 
being allowed to pass directly from the internal flues to the 
chimney. The result was a slight faUing off in economy, or 
in pounds of water evaporated per pound of coal ; but very 
nearly the same quantity of water was evaporated as when the 
gases made the circuit of the external flues, and oonsequently 
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traFened a mucli larger extent of heating Rurface. It was also 
found that the Galloway boiler was not superior in evaporatiTe 
power or economy to the ordinary Lancashire boiler, although it 
possesses a greater extent of effective heating surface, and also 
that the difference between the evaporative effect of iron and 
steel flues in a Lancashire boiler was not appreciable. In all 
these cases a high rate of evaporative eflSciency was maintained, 
being above 9 lb. of water from 100° per lb. of coal ; but had 
there been a considerably larger consumption of coal per hour, 
giving a higher temperature to the escaping gases, the result 
would have been more decidedly in favour of the larger heating 
surface of the Galloway boiler, and of both boilers with external 
flues, as compared with the results without them. 

There are cases, however, of boilers having two internal 
furnaces, with combustion chambers, and a nuinber of small 
tubes at back end, which, notwithstanding their greater heating 
surface, cannot be made to generate steam as rapidly or as 
economically as boilerH of the simple Lancashire type working 
alongside of them, and having the same external lengtli and 
diameter, tha same grate area, chimney, and description of 
external flues, and other conditions. This unlooked-for result 
can only be ascribed to the decrease of draught and the increased 
quantity of incrustation and soot caused by the more com- 
plicated arrangement of flue way. With a cleaner fuel and 
purer water it is not improbable that the results would be 
reversed. 

There are numerous cases where the additional surface of 
conical and other water tubes is rendered almost useless by the 
amount of incrustation formed in them. The incrustation 
accumulates more rapidly inside these small tubes than on the 
convex surface of the main tubes they are placed in, in spite 
of the circulation, chiefly owing to the greater difficulty found 
in removing the incrustation as it forms, caused by its inac- 
cessibility. Greater pains should therefore be bestowed in 
cleaning out these water tube boilers in order to maintain their 
efficiency. It may be gathered from these last considerations 
that the evaporative result obtained from a new boiler may 
afford n6 guide to the value of the same boiler after it has been 
in use some time. 

The comparative amount of hard incrustation is generally a 
pretty sure index of the value of the heatiog surface on which it 
is found. Where the ebullition is greatest, the amount of hard 
and tenacious scale will be least. This, however, does not apply 
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where the boiliog off of the deposit is impeded by stays or other 
obstacles, such as are found on the crgwn of some locomotive 
fire-boxes, or in the midst of a nest of closely packed small 
tubes. In some cases where the boiler is not carefully cleaned, 
the line which marks the limit of the greatest ebullition over the 
furnaces of externally fired and internally flued boilen^ and in 
the water tubes, may be found pretty sharply defined by the 
variation in the thickness of incrustation, especially where the 
circulation is defective. The change in the colour of the incrus- 
tation ciused by the heat when the furnace plates have been 
accidentally lefc bare of water, with a good tire underneath, some- 
times reveals the fact that the intense heat over the fire, both 
from the radiation of the incandescent fuel and the impinging 
flames, is much greater than the heat imparted by the flame 
alone. The buckling of the plates caused by overheating under 
similar circumstances is usually confined to the crown in front 
of or above the bridge, and is also an indication of the greater 
intensity of the heat at this part. 

The most satisfactory method of determining the efficiency 
of auy heating surface is that given by Professor Rankine, which 
is as follows : — 

"e" S + AF 

Where E' = the available evaporative power, and E = the 
theoretical evaporative power of 1 lb. of a given kiud of fuel in 
an ordinary boiler in which S = the total area of heating 
surface, including feed water heater, if any ; F z= the number 
of pounds of fuel burnt p»r hour. A and B are two constants 
found by experience ; A is probably approximately proportionate 
t ) the square of the quantity of air supplied per lb. of fuel. 
B is a fractional multiplier to allow for miscellaneous losses of 
heat, which, for chimney draught, is here taken at 20 per cent. 

For boilers with chimney draught B = — A = '5 

19 
forced ,. B = — - A = -3 
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The following are examples of efficiency for different propor- 
tions of boilers and rates of combustion, with chimney draught 
oalculated by means of this formula : — 
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Very sm^l. 

ins . 



Square foot of 

boating surface Efficiency of 
per lb. of Aiel furnace, 
per hour. 


'60 


•4 


•75 


.48 


1^00 


•53 


1-26 


■56 


1-50 


•60 


175 


•62 


2 00 


•64 




V. 



3 00 
4*00 
5-00 
600 



•69 
•71 
•72 
•73' 



Pounds of water 
at 212' evapo- 
lated by I lb. 

I of coal. 



5-6 
6-72 
7-42 
7-48 
8-4 
8-68 
8-96 
9.66 
9.94 
10*0 
10-2 



Pounds of steam 
at r>0 lbs. pres- 
sure per lb. of 
coal from feed 
at 62'. 



4.7 

6 7 
6-8 
6-6 
7-1 
7-4 

7 6 

8 1 
8-4 
8-5 
8-6 



The third and fourth columns give the average rate of evapo- 
ration of boilers in use, the total heat from 1 lb. of coal being 
taken at 14 lbs. of water evaporated from 212^. With a clean 
boiler, good coal, skilful firing, and introducing the feed water 
at a high temperature, the quantities in column four may be 
increased by from 10 to 30 per cent. ; and on the other hand, 
with a dirty boiler and unskilful attendance they may be 
diminished from 65 to 20 per cent., which ia too frequently the 
ca8e,and often causes much disappointment. With the best descrip- 
tions of feed water heaters, or economisers, which utilise the heat 
from the escaping gases on their way to the chimney, and have 
their surface at light angles to the direction of the draught 
kept clear by means of self-acting scrapers, the feed may at 
times be raised to a temperature of 250°, or even more, with a 
corresponding saving in fuel The area of these economisers 
should be considered in estimating the efficiency of the total 
heating surface of the boiler. 

The plan sometimes adopted of placing an old boiler or tank 
in the flue between the end of the boilers and chimney to serve 
as a feed water heater, is often attended with very unsatisfactory 
results, owing to the absorbing surface becoming thickly coated 
over with soot when smoky coals are used. There are instances 
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of such feed- warmers heating the water to about 212° for the 
first few days after being set to work ; but their efficiency 
gpdually falls off, and sometimes at the end of a fortnight they 
are unable to raise the temperature of the water they contain 
beyond 100°, simply owing to the thick non-conducting coating 
of soot they receive. 

There are many Gomibh and Laucabhire boilers, where due 
atteption is not paid to cleaning the flues, working for months 
together with an inch or more of soot on the bottom plates in 
the external flues, and with a large quantity of flue deposit in 
the internal tubes, varying in thickness from that limited by 
the height of the bridge to 6'' or 9" at the back end. In feict, 
the usual state of affairs is not much better than this aftev 
working a few weeks with ordinary descriptions of semi-bitu- 
minous coal, and a great part of the heating surface is rendered 
useless in consequence. 



CHAPTER XVI. 

BOILER POWER. 

It nitiat be admitted that the manner in which the power of 
a boiler is usually calculated is far from satisfactory. It has 
long been the custom to estimate boilers by their real or nominal 
horse power. As the nominal horse power of an engine is usually 
baaed upon the diameter of the cylinder, without regard to 
other conditions, so in boilers the nominal standard of power is 
estimated by their size, without regarding the pressure of steam, 
the efficiency of heating surface, size of grate, rate of combus- 
tion, quality of coal, setting, and frequently the most im- 
portant of all, the condition of the boiler and ability of the 
firemen. WhiLst admitting their unsatisfactory nature, we shall 
give some of the rules that have been mostly employed. How- 
ever correct any one of these rules may be for one description of 
boiler, it will give a false result for boilers of a different class, 
or even of the same class, but of different size and proportions. 

Armstrong's rule is to allow one cubic foot of water evaporated 
per hour, one square foot of firegrate area, and one square yari 
of total heating surface per horse power for ordinary coal, and 
I of a square foot of grate for good steam coal, and as little as 
I square foot when the best coal only is employed. This rule 
stands H P = ^ (S + G) where S = heating surface in yards, 
and G =: area of fire grate in feet. Reckoning by superficies 
it is now usual to allow about 15 square feet of heating surface 
per nominal horse power for ordinary factory boilers. For 
multitubular boilers from 18 to 26 square feet of heating surface, 
and from *6 to *85 square feet of grate area. 

Another rule very much used is to allow from 5 to 6 square 
feet of boiler section per H. P. in plain cylindrical boilers, or 

_ section of Boiler 
6 

In Cornish and Lancashire boilers the sectional area of the 
fine tubes is usually added, and from 6 to 8 square feet per 
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H. p. is allowed. For example, in a Lancashire boiler 7 
feet diameter, 30 feet loug, and haviDg 2 flues 2' 9'^ diameter, 
.we have 376 square feet of section, which divided by 8, gives 
47 H. P. For Galloway boilers 4*5 is usually taken for a 
divisor instead of 6. 

Another rule like Armstrong's is 



H P =VS X G 

For multitubular boilers the following rule is sometimes 
u^ed : 

H P z= 1-8a/S~x^ ^ \iGixig in yards and 

6 in feet. 

For marine boilers working up to nearly five times their 
nominal horse power — 



HP= -TVS X G 

As the term nominal horse power, according to these rules, is 
so uudefined, it is preferable to reckon the power of a boiler by 
the quantity of water it will eyaporate. ' With a moderately good 
eugine one half cubic foot of water, or about 30 lbs. , will develop 
1 H. P. (indicated) per hour. With externally fired boilers 
haviug the proportions between the heating sxurface and giate 
area between the limits of 10 and 16 to 1, the average evapo- 
rative power may be taken at 1 cubic foot from 18 feet of heat- 
ing surface, or 9 feet per H. P. Egg-ended furnace boilers, 
intensely heated their whole length, have been known to 
evaporate 1 cubic foot of water from 4 square feet of heating 
surface, which is equivalent to 2 square feet per H. P. In 
Cornidh and Lancashire boilers, where the proportions between 
the heating surface and grate area are within the limits of 
1 5 and 25 to 1, the evaporative power may be taken at 1 eubie 
foot of water from about 14 square feet of total beating surface, 
or 7 square feet per indicated horse power. 

In multitubular and other boilers where the heating snriiiee 
IS to the grate area as from 30 : 1 to 40 : 1, 9 square feet of 
surface will evaporate 1 cubic foot of water, or require 4^ square 
feet of total heating surface per H. P. 

Vertical boilers are usually very wasteful of fuel, but in some 
cases, where the boiler is in good condition, and the drculstion 
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is promoted by well arranged water tubes, they have evaporated 
8 llw. of water from 60° per 1 lb. of coal, and 1 cubic foot of 
water per hour from 16 square feet of heating surface, and may 
be reckoned at 8 square feet per H. P. ; but 10 or 12 square 
feet per H. P. are more commonly required. 

In locomotive boilers with forced draught, and the ratio of 
heating surface to grate area between 60 : 1 and 80 : 1, an 
average of 3 square feet of total heating sur&ce per indicated 
H. P. may be taken as an approximation. As we have already 
said, the quality of fuel, rate of combustion, skill of stoker, 
arrangement of furnace, and condition of boiler, will materially 
influence these quantities. 

. Suppose we require the size of a Cornish boiler to supply 
steam to an engine having a cylinder 16" diameter and 24" 
stroke, making 60 revolutions a minute, cutting oflf at one 
quarter stroke, and working at 60 lbs. pressure. Now, without 
taking into account the difference of pressure in the boiler aud 
in the cylinder, we shall have the quantity of steam required 
per hour thus :— 162 X 7854 X '25 X 24 x 2 X 60 X 60 
= 5026 cubic feet. This quantity should be increased by at 
least 25 per cent., to allow for loss of steam in ports, clearance 
of piston, escape at safety valve, and other waste, as well as to 
allow some margin of power ; we shall therefore have 6282 
cubic feet as the quantity of steam to be evaporated per hour« 
In table at page 303 we find that at 60 fi>s. pressure 1 cubic 
foot of steam is 353 times more bulky than the water from 
which it is raised, whence the above quantity of steam is 
equivalent- to 17| cubic feet, or 1106 S^s., of water evaporated at 
60 ibs. pressure per hour. 

The usual rate of combustion in Cornish boDers is about 12 lbs. 
of coal per square foot of grate area ; and taking the evapora- 
tion at 7 '25 lbs. from OO"" per lb. of coal, we get 12 X 7*25 
:= 87 lbs. of water evaporated per square foot of grate per hour, 
and 1106 -r- 87 = 12f square feet of grate, the area required. 
Fixing the maximum length at 5 feet, the width will be 2' *!", 
which will require a tube of about 2' 9" diameten Allowing 
6 inches for bottom water space, and 2' 3" from furnace crown 
to shell crown, we have a boiler 5' 6" diameter ; and taking the 
length at four times the diameter, we shall have 22 feet as the 
length. 

Qad the area of firegrate required been about 20 square feet, 
it would have been advisable to limit the length of grate to 
4 feet, and to make a Lancashire boiler 7 feet diameter X 28 
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feet long, having two 2' 9" tubes, instead of making the grate 
6' 0" X 3' 4", and using a Cornish boiler 6' 0" diameter, with 
a 3' 6" furnace tube. 

Many tests have been undertaken to ascertain the evaporative 
power of different classes of boilers in actual work ; but few of 
these are of any value, owin^ to the unreliable means usually 
employed to measure the quantity of water evaporated. The 
easiest method, and consequently the one most frequently 
adopted, is to measure the quantity by the difference of its 
height in the. water-gauge glass at the beginning and end of the 
trial, and also at intermediate stages. This method is very 
rude and uncertain, since there can be little doubt'that in many 
boilers at work the surface of the water is not level, but i8 
usually higher over the furnace, or where the greatest ebullition 
occurs. The difference in height at any moment will greatly 
depend upon the intensity of the ebullition which is ever vary- 
ing duiing the intervals between firing. With mechanical firing 
the difference of height is probably reduced to a minimum. 

The meters employed for measuring the water are sometimes 
not trustworthy. The only sure method of ascertaining the 
quantity of water evaporated is by actual measurement with a 
cistern or vessel, whose cubic contents are accurately known. 
The quantity of water in the boiler before and after the trial 
should be measured at the same temperature, which should not 
exceed 212° to ensure accuracy. But even when the amount 
of water introduced and the quantity passed off from the boiler 
is accurately ascertaiuedy there yet remains a doubt as to how 
much has been actually evaporated, and how much may have 
passed off in priming, unless the trial has been conducted with 
the boiler open to the atmosphere, which appears to be the only 
condition under which accuracy can be ensured, unless a suitable 
apparatus can be provided for accurately measuring the weight 
and temperature of all the steam and water given off when the 
boiler is working above atmospheric pressure. 

There are very few boilers that do not prime more or less, 
and the quantity of water passed off in this manner is sometimes 
very considerable, and has led to the impossible results of 
16 and 17 lbs. of water evaporated per lb. of ordinary coal in 
locomotive and water tube boilers being seriously recorded. Ex- 
ternally fired boilers that have given the moderate result of 5 lbs. 
of water per lb. of coal at atmospheric pressure, have shown 
the unexpected result of 10 and 12 lbs. of water evaporated at 
40 lbs. pressure. In fact, unless the amount of water passed 
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over with the steam by priming, when working under pressure, 
ean be accurately ascertained, the qvaporative results are not to 
be relied upon, however carefully in other respects the trial may 
have been conducted. 

It is customary to give the quantity of water evaporated from 
a temperature of 212% to which the results of evaporation are 
usually reduced. 

The quantity corresponding to any temperature of feed water 
and working pressure can readily be found with the aid of the 
annexed table, taken from the " Encyclopsedia Britannica," 
wherein are presented the relations of the properties of steam, 
as now accepted by the best authorities : — 
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Properties of Saturated Steam, 



Total pres- 
sure per 

square inch 

measured 

from a 

yacuum. 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
14-7 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 



Pressure 
above atmo- 
sphere. 





•3 

1-3 

2-3 

3*3 

4-3 

5-3 

6-3 

7-3 

8-3 

9*3 

10-3 

11-3 

12-3 

13-3 

14-3 

15-3 

16-3 

17-3 

18-8 

19.3 

20-8 

21-3 

22-3 

23*3 

24-3 

25-3 



Sensible 
temperature 
in Fahren- 
heit degrees. 



Total heat in 
degrees from 

sero of 
Fahrenheit. 



102-1 

126-3 

141-6 

163-1 

162-3 

170-2 

176-9 

182-9 

188-3 

193-3 

197-8' 

202-0 

205 9 

209-6 

212.0 

2131 

216-3 

219-6 

222-4 

225-3 

228-0 

280-6 

233-1 

235-5 

237-8 

24U1 

242 3 

244-4 

246-4 

218-4 

250-4 

252-2 

254 1 

255-9 

257-6 

259-3 

260-9 

262-6 

264-2 

265 8 

267-8 



1144-6 

3151-7 

1156-6 

1160-1 

1162-9 

1165-3 

1167-3 

1169-2 

1170-8 

1172-3 

1173-7 

1176-0 

11762 

1177-3 

1178-1 

1178-4 

1179-4 

1180-3 

1181-2 

1182-1 

1182-9 

1183-7 

1184-5 

1185-2 

1185-9 

1186-6 

llb7-3 

1187-8 

1188-4 

1189-1 

1189-8 

1190-4 

1190-9 

1191-5 

11920 

1192-6 

1193-0 

1193-5 

1194-0 

1194-5 

1194-9 



Weight of 

one cubic 

foot of 

steam. 



Relative 

volume of 

steam com- 

pM«d with 

water from 

which it was 

raised. 



•0030 

-0058 

-0085 

•0112 

•0188 

•0163 

-0189 

•0214 

-0239 

-0264 

-0289 

-0314 

•0338 

-0362 

-0380 

•0387 

-0411 

-0435 

-0459 

-0483 

-0507 

-0531 

•0555 

-0580 

•0601 

-0625 

-0650 

-0673 

-0696 

-0719 

-0743 

-0766 

-07b9 

-0812 

-0835 

-0858 

-0881 

•0905 

•0929 

-0W62 

•0974 



20582 

10721 

7322 

5583 

4527 

3813 

3298 

2909 

2604 

2358 

2157 

1986 

1842 

1720 

1642 

1610 

1515 

1431 

1357 

1290 

1229 

1174 

1123 

1075 

1036 

996 

958 

926 

895 

866 

838 

M3 

769 

767 

746 

726 

707 

688 

671 

655 

640 
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A TREATISE ON STEAM BOILEBS. 





Properties of Saturated Steam. 




Total pres- 
sure per 
square inch 
measiired 
from a 


Preixsure 
above atmo- 
sphere. 


Sensible 
tempernture 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

zero of 
Fahrenheit. 


Weight of 

one cubic 

foot of 

steam. 


Relative 

volume of 

steam com- 

jMredwith 

water from 

which it was 


vacuum. 

1 

1 

1 41 






• 




raised. 


2fi-3 


268-7 


1195-4 


•0996 


625 


42 


27 3 


270-2 


1195-8 


-10-20 


611 


43 


28 3 


271-6 


1196-2 


•1042 


598 


44 


•29:3 


273-0 


1196-6 


•1065 


585 


45 


30-3 


274-4 


1197-1 


-1089 


672 


46 


31-3 


276-8 


1197-5 


•1111 


661 


47 


32 3 


277 1 


1197-9 


-1133 


550 


48 


33-3 


278-4 


1198-3 


-1156 


589 1 


49 


34-3 


279-7 


1198-7 


•1179 


629 1 


50 


85-3 


281-0 


11991 


1202 


618 , 


51 


363 


282-3 


1199-6 


•1224 


509 I 


52 


37-3 


283-5 


1199-9 


-1246 


500 1 


53 


38-3 


2847 


1200-3 


•1269 


491 : 


54 


39-3 


285-9 


1200-6 


•1291 


482 


65 


40-3 


287 1 


1201-0 


-1314 


474 i 


56 


41-3 


288-2 


1201-8 


-1336 


466 


67 


42-3 


289-3 


1201-7 


-1364 


458 


58 


43-3 


290-4 


1202-0 


•1380 


451 


59 


44-3 


291-6 


1202-4 


•1403 


444 


60 


453 


292-7 


1202-7 


-1425 


437 


61 


46-3 


293-8 


1203-1 


-1447 


430 


62 


47-3 


294-8 


120;i-4 


-1469 


424 


63 


48-3 


296-9 


1203-7 


-1493 


417 


64 


49-3 


*j96-9 


1204-0 


•1516 


411 


65 


60-3 


298-0 


1204-3 


•1538 


406 


66 


51-3 


299-0 


1204-6 


-1560 


399 


67 


52-3 


300-0 


1204-9 


•1583 


893 


68 


58-3 


300-9 


1205-2 


-1605 


388 


69 


64-3 


301-9 


1206.6 


-J 627 


383 


70 


55-3 


302-9 


1205 8 


-1648 


378 


71 


56-3 


303-9 


1206-1 


•1670 


373 


72 


57-3 


304-8 


1206-3 


.1692 


868 


73 


68-3 


305-7 


12066 


•1714 


863 i 


74 


59-3 


306-6 


1206-9 


•1736 


369 


75 


60-3 


307-5 


1207-2 


-1759 


853 


76 


61-3 


308-4 


1207-4 


•1782 


849 


. 77 


62-3 


309-3 


1-207-7 


-1804 


845 


78 


63-3 


310-2 


1208-0 


•18-26 


341 


79 


64-3 


311-1 


1-208-3 


•1848 


887 


80 


65-3 


312-0 


120S-5 


•1869 


883 


81 


66-3 


312 8 


1208-8 

i 


-1891 


829 
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Froperties of Satwronted Steam. 



Total pres- 
sure per 

square inch 

measured 

ftom a 


Pressure 
above atmo- 
sphere. 


Sensible 
tem]3erature 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

zero of 
Fahrenheit. 


Weight of 

one cubic 

foot of 

Bteum. 


Relative 
volume of 
steam com- 
pared ^ith 
water from 
which it was 


▼acuiun. 


• 








raised. 


82 


67-3 


313-6 


1209-1 


•1913 


325 


83 


68-3 


314-5 


1-209-4 


-1935 


321 


84 


69-3 


815-3 


1209-6 


-1957 


818 


85 


70-3 


3161 


1209-9 


•1980 


314 


86 


71-3 


316-9 


1210-1 


-2002 


811 


87 - 


72-3 


3178 


1210-4 


-2024 


308 


1 88 


73-3 


318-6 


1210-6 


.2044 


805 


i 89 


74-3 


319.4 


1210-9 


-2067 


301 


90 


75*3 


320-2 


1211-1 


-2089 


298 


91 


76-3 


3210 


1211-8 


-2111 


2»5 


• 92 


77-3 


321-7 


1211-5 


-2133 


292 


93 


78-3 


322*5 


1211-8 


.2155 


289 


94 


79-3 


323-3 


1212-0 


-2176 


286 


95 


80-3 


324-1 


1212-3 


-2198 


283 


96 


81-3 


324-8 


1212-5 


-2219 


281 


97 


82*3 


325*6 


1212-8 


-2241 


278 


98 


83 '3 


326-3 


1213-0 


•2263 


275 


99 


84-3 


327 1 


1213-2 


•2-285 


272 


100 


85-3 


827-9 


1213-4 


•2307 


270 


101 


86*3 


328-5 


1213-6 


-2329 


267 


102 


87-3 


329-1 


1113-8 


-2351 


265 


103 


88*3 


329-9 


1214-0 


•2373 


262 ' 


104 


89-3 


330-6 


1214-2 


•2893 


260 


' 105 


90*3 


331-3 


1214-4 


•2414 


267 


106 


91*3 


331-9 


1214-6 


-2435 


255 


1 107 


92*3 


332-6 


1214-8 


•2456 


253 


108 


93-3 


333-3 


12160 


•2477 


251 


109 


94-3 


334-0 


1215-3 


•24^9 


249 


110 


95-3 


3346 


1-216-5 


•2521 


247 


111 


96-3 


335-3 


1215-7 


-2543 


245 


112 


97-3 


836-0 


1-216-9 


-2564 


243 


118 


98-8 


3;j6-7 


1216-1 


•2586 


241 


114 


99-3 


837-4 


1216-3 


•26o7 


239 


115 


100-3 


838-0 


1216-5 


•2o28 


237 


! 116 


101-3 


338-6 


1216-7 


-2649 


235 


117 


102-8 


339-3 


1216-9 


-2674 


233 


118 


1033 


339-9 


1217-1 


•2696 


231 


119 


104-3 


340-5 


1217-3 


-2738 


229 


120 


1(5-3 


341-1 


1217-4 


-2759 


227 


' 121 


106-3 


341-8 


1-217-6 


-2780 


225 


122 


107-3 


342 4 


1217 8 


-2801 


224 

1 
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Properties of Saturated SieanL 



Total pres- 
sure per 
square inch 
meaaurod 
from a 
▼acuuxn. 



123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
210 
220 
2i0 



Pressure 
above atmo- 
sphere. 



Sensible 
temperature 
in Fahren- 
heit degrees. 



Total heat in 
degrees from 

■ero of 
Fahrenheit. 



108-3 
109-3 
110-3 
111-3 
112-3 
113-3 
114-3 
115-3 
116-3 
117-3 
118-3 
119-3 
120-3 
121-3 
122-3 
1233 
124-3 
125-3 
126-3 
127-3 
128-3 
1-29-3 
130-3 
131-3 
132-3 
183-3 
134-3 
135-3 
140-3 
145-3 
150-3 
155-3 
160-3 
165-3 
170-3 
175-3 
180-3 
185-3 
195-3 
205.3 
215-3 



843-0 
343-6 
344-2 
344-8 
345-4 
346-0 
346-6 
347-2 
347-8 
348-3 
348*9 
349-5 
8501 
350-6 
351 -2 
351-8 
352-4 
352-9 
353-5 
3640 
354-5 
355-0 
355-6 
356-1 
356-7 
357-2 
857-8 
858 3 
361-0 
368-4 
3t6-0 
368-2 
370-8 
372-9 
375-3 
377-5 
379.7 
381 7 
386-0 
389-9 
393-8 



12180 
1218-2 
1218-4 
1218-6 
1218-8 
1218-9 
1219-1 
1219-3 
1219-5 
1219-6 
1219-8 
1220-0 
1220-2 
1220-3 
1220-5 
1220-7 
1220-9 
1221-0 

1221 2 
1221-4 
1221-6 
1221-7 
1221-9 

1222 
1222-2 
1222-3 
1222-5 
1222-7 
1228-5 
1224-2 
1224-9 
1225-^ 
1226-4 
12z7-l 
1227-8 
1228-5 
1-229-2 
1229-8 
1231-1 
1232-3 
1233-5 



Weight of 

one cubic 

foot of 

steam. 



-2822 
•2845 
-2867 
•2889 
-2911 
-2933 
•2955 
•2977 
-2999 
-3020 
-3040 
-3060 
-3080 
•3101 
-31-21 
-3142 
•3162 
-3184 
•8206 
•3228 
•8250 
-8278 
•3*294 
•3315 
-3336 
•3857 
•3377 
•3397 
-3500 
-8607 



Relative 
Volume of 
steam com- 
pared with 
water from 
which it was i 
raised. 



222 

221 

219 

217 

215 

214 

212 

211 

209 

208 

206 

205 

203 

202 

200 

199 

198 

197 

195 

194 

193 

192 

190 

189 

1&8 

187 

186 

184 

179 

174 



-3714 


169 


-8821 


164 


•3928 


159 


.4035 


155 


•4142 


151 


•4250 


14S 


•4357 


144 


•4464 


141 


•4668 


135 


•4872 


129 


•5072 


123 
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Properties of Saturated Steam, 



Total pres- 
sure per 
}iquare inch 
measured 
from a 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit degrees. 


Total heat in 
degrees from 

zero of 
Fahrenheit. 


Weight of 

one cubic 

foot of 

steam. 


▼acuimx. 


225-3 








240 


397-5 


1-234-6 


•5270 


250 


235 -3 


40ri 


1235-7 


•5471 


260 


245-8 


404-5 


1236-8 


•5670 


270 


255-3 


407-9 


1237-8 


•6871 


280 


265 8 


411-2 


1238-8 


•6070 


290 


275-3 


414-4 


1239-8 


•6268 


800 


285-3 


417-5 


1240-7 


•6469 



RelatiTe 
volume of 
steam com- 
pared with 
water from 
which it was 
raised. 




Here we see that at 212° the total quantity of heat in the steam 
is 1178° -1, which gives a difference of 966'' 1. This heat, 
usually termed latent, is absorbed in performing the work of 
expanding the particles of v^ater from the solid to the gaseous 
state, ^ow, suppose the water is evaporated at 60 lbs. pressure, 
the steam will have a temperature of 307% and a total heat of 
1207^ If the feed has been introduced at 60% it is evident 
that 1147° of heat have been imparted. As the amount 
evaporated is inversely proportional to the quantity of heat 
required, we have 1147 -^ 966 = 1^2. Multiplying by this 
factor, the quantity evaporated at 60 lbs. pressure from 60°, 
we obtain the amount that would be evaporated at 212° by the 
same quantity of fuel. 

By the same table can be ascertained the comparatively small 
increase of heat required to evaporate water at lugher pressures. 
Suppose we take water evaporated at 45 lbs. pressure from a 
feed temperature of 60°, then each lb. of water will require 
1202*7 — 60 = 1 142*7° for its conversion into steam. If we 
take the pressure at 100 lbs. we shall have 1216*9 — 60 ^ 
1166*9° as the quantity required. The difference between these 
two total quantities is only 14*2°, and is so small as to be scarcely 
worth considering. Leaving out of account the lods due to the 
slight reduction of the conducting power of the material, the 
increased amount of heat required for the higher pressure will 
be only ^-^ of the total heat required at 60 lbs. With an 
evaporation of 7 lbs. of water from 1 lb. of coal, it will be ob- 
taiue<l by usiug ^ J j more fuel, or about 1 lb. in about 5^ cwt., 
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K quaDtity not appreciable in the ordinary modes of weighing 
coaL The economy is then manifest of using steam of high 
pressure, when at the same time advantage is taken of the 
facilities it offers for working expansiyely in the cylinder. 

The saving that may be effected by heating the feed water 
may be shown as follows : — If we take the normal temperature 
of the feed water at 60^, the temperature of the heated water at 
212^, and the boiler pressure at 20 lbs., the total heat imparted 
to the steam in one case is 1192°*6 — 60''= 1132'' 5, and 
in the other case 1192 -5 — 212 z= 980^*5, the difference being 
162^, or a saving of vr^|*5^ = ^3*4 per cent. 

If the pressure be taken at 120 lbs. instead of 20 lbs. the 
saving will be 13*1 per cent., showing a slight diminution in the 
economy effected by heating the water when a high pressure in 
the boiler is employed. 

The loss from blowing off when fresh water is used may be 
found as follows. Supposing the ratio of the quantity of water 
evaporated to that blown out is 10 : 1, we have with a pressure 
of 20 lbs. and a feed temperature of 100^ — 

Evaporated 10 (1192'' 5 — 100°) = 10925 heat units 
Blown out 1(259-3 —100°)= 159 3 „ „ 



Total = 11084-3 



99 99 



showing a loss of only 1 -4 per cent, of the total heat imparted. 

With a pressure of 100 lbs. we should have a corresponding 
loss of 2 per cent. 

The effect of the presence in a liquid of any substance in 
solution is to resist ebullition, and to raise the boiling point 
In ordinary fresh water the slight increase in the elevation of 
temperature, due to the presence of salts in solution, is generally 
disregarded ; but in salt water, partially saturated, the increase 
is of some practical importance. The boiling ppint of saturated 
brine is 226^, and that of weaker brine is higher than the boiling 
point of pure water by l°-2 for each -g^,, of salt the water con- 
tains. The quantity contained by average eea water is usually 
taken as ■^■^. The loss of heat by blowing out when salt water 
is used can easily be calculated for any pressure and degree of 
saltness. Assuming the temperature of the feed water to be 
105% at a pressure of 20 lbs. ^ and a saltnesarof -^j, the tem- 
perature of the water in the boiler will be 261° '7* the oorre- 
Kponding tot?il heat of the steam being 1 194 '9, and the quantity 
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of water to be blown out is equal to the quantity evaporated. 
We have then : — 

For evaporation 1 (1194° 9 — 106°) = 1089-9 heatunit«. 
blown out 1 ( 261-7 — 1 05 ) = 156 7 „ „ 

Total = 1246-6 „ „ 
Consequently the heat lost by blowing out is Tf|^-7 ^^ ^^-^ P^i" 
cent, of the total heat imparted. 

In the same manner it will be found for a degree of satura- 
tion of 3^, when the quantity of water to be blown out will be 
*5 the quantity evaporated, that the loss of heat by blowing off 
will be only 6*7 per cent, of the total heat imparted. 



• CHAPTER XVII. 

BURSTING AND COLLAPSING PRESSURES OF CYLINDERS. 

BUBSTINO PbESSUBB. 

The followiog table of the strength of cylindrical shells to 
resist internal bursting pressure iu a direction parallel to their 
axis is calculated by this approximate formula — 

^= D. 

where P z=. bursting pressure in lbs. per squate inch, 
T =z thickness of cylinder in sixteenthfl, 
D =: diameter of shell in quarter feet, 
c = a constant, being, 

1097 for single riveting l^yrouchtiron 

1372 for double riveting j 

1723 for single riveting ^ . . 

2166 for double riveting \ 
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Collapsing Pressures. 

The following tables give the strengtli of tubes of perfectly 
circular form, or not more than about the thickness of plate 
from the true circle. As the shape of long tubes, especially 
when of large diameter, is very irregular, and liable to undergo 
a gradual change, from the heat being applied chiefly at the 
crown, and from the resistance to expansion caused by rigidity 
in the end places, to say nothing of the sudden distortion 
likely to arise from incrustation and the use of thick or greasy 
water, a large factor of safety should be allowed for the 
blowing-off pressure of the boiler. This should in no case be 
less than 4, and in new boilers, in which the pressure is so 
often after a time increased, a factor of not less than 6 should 
always be allowed. - 

The tables are calculated by this approximate formula — 



P = ??2;_lX 



X2 



L X D 

P = collapsing pressure in lbs. per square inch, 

T = thickness of tube in thircy-seconds, 

L zz length in feet, 

D = diameter in quarter feet. 
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A. 

Adamson^s flanged tube seams, 108, 

110,394,209 , 
Air admissioD, 270 

— quantity required for combustion, 

254 

— space through fire grate, 153 
Annealing steel plates, 46 

— effects of, 49 
Anti-incrustation nostrums, 179 
Anthracite coal, 248 
Armstrong on heating surface, 274 



B. 

Ball valves, 114 

Balloon boilers, 3 * 

Barnabj's experiments on punched 

steel plates, 48 
Bessemer steel, 44, 49, 52 
Best Yorkshire iron, S3, 38, 64 
Bituminous coal, 248 
Blind rivet holes, 67 
Blisters, 35, 211, 230 
Blowing-o£f for preventing incrnsta- 
tion, 169 

— apparatus, 169 

— waste caused by, 1 71, 308 

— periodical, necessity of, 

171, 176 

— apparatus, choked up, 186 
Blow-out valves, defects of, 141 

— — protection of, 143 

— — versus taps, 140 
Bourdon pressure gauge, 135 
Bowling plates, 33 

— hoops for tubes, 109, 194 
Breeches flued boilers, 4 
Bra&ds of plates, 33, 36 



Brickwork about boilers, 156, 198 
Bridge, furnace, 154, 202 

— area over, 155 

— inverted, 155 
Brittleness of wrought iron, 41 

— cast iron, 24 

Briz, M., experiments on expansion 

of fire bars, 153 
Bursting strength of cylinders, 8, 11, 

310 
Butt joints, 70, 84 
Butterley boiler, 4 

C. 

Calcareous deposits, 162 
Cambered end plates, 21 
Carbonate of lime, 182, 161, 164 
Cast iron for boilers, 24 

— tenacity of, 25 

— treacherous nature of, 25, 29 
Caulking, effects of careless, 51, 61, 

197 
Chalybeate waters, corrosive nature 

of, 168 
Circulation, 5, 116, 162 

— defective, effects of, 203, 

204 
Chemical agents for removing scale, 
172 

— action as a cause of grooving, 

197 

— equivalents, table of, 245 
Clark's, Dr., process, 181 

Clark, E., on riveted work, 56 

— D. E., on heating surface, 291 
Cleaning, 111,164, 170, 185 

— Cornish boilers, 146 

— flues, 156 
Coal-caking, 153, 154 
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Coal, kinds of, 248 

— steam, 250 

— trials, 260 

— speed of combustion of, 272 
Coke, 247, 250 

Collapsing strength of tnhes, 13, 49 
Cold-hammering, effect of, 40, 42, 62 
Combostion, air required for, 254 

— heat of, 251 

— rate of; 272 
Combustlonchambers, corrosion in, 205 
Conducting power of materials, 60, 280 
Construction of boilers, 89 

Copper boilers, 2 

— for boiler making, 25, 30 

— stay bolts, 94 
Contraction and expansion, effects of 

unequal, 36, 40, 203, 204, 205, 

230, 236 
Contraction of rivets in oooling, 56, 

62,66 
Coopei^s plates, 33 
Cornish boilers, 5, 92, 107 

— — feed arrangement in, 

116 

— — tubes, 193 

— — grooving in, 194, 196 

— — setting of, 199 

— — overheating of fur- 

naces, 166 

— — external corrosion, 204 

— — fractures in, 207 

— — expansion of, 209 

— — fire grates of, 154, 271 

— — testing of, 219 

— — heating surface of, 

276, 290, 297 
_ — power of, 298, 299 

— — flues of, 137 

— — difficulty of cleaning, 

146 
Corrosion produced by hydroohlorie 
acid, 168 

— supposed by use of soda, 174 

— prevented by use of soda, 174 

— ioduced by breaking skin of 

plates, 188 

— internal, 187 

— prevention of, 191 

— caused by very pure waters, 

192 

— external, 197 

— at boiler mountings, 205 
Cuu8t6, M., on solubility of salts, 161 



Cowbum safety valve, 129 
Crystalline appearance, 39, 41, 214- 
Cylinders, bursting strength of, 7, 

213, 310 
— collapsing strength of, 13, 

107, 318 

D. 

Damage caused by getting up steam 

too quickly, 205, 223^225 
Dampers, 157 

Danger from want of feed check valves, 
113 

— — defective blow-out ap- 

paratus, 140 

— — using unguarded man- 

holes, 144 

— — cutting out shell for dome 

holes, 147 ' 

— — accumulation of scale, 158 

— — overheating of egg-ended 

boilers, 163 

— — using greasy water, 166, 

177 

— — negleebing to blow out, 

176, 179 

— — cooling boiler down sud- 

denly, 184, 209 

— — blowing- out while hot, 203 

— ^ — defective staying, 227 

— — accumulation of air in 

water tube boilers, 228 

— — priming, 231 

— — defective workmanship, 

217, 230 
Dead plates, 152, 269 
Dead water in Lancashire boilers, 1^ 
Defective workmanship, 217, 230 
Dewranoe's experiments on evapora- 
tive power of tubes, 284 
Diagonal stays, 99 
Domes, 72, 147 

Drifting, injurious effects of, 66, 67, 79 
Drilling steel plates, 47 

— iron plates, 63 
Ductility of copper, 25 

— iron, 40 

— steel, 49 

E. 

Egg-ended boilers, 4, 89, 90, 115 
— — blowing out| 144 
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Egg ended boilers, water gauges for, 

137, 138 

— — floats for, 139 

— — firegrates of, 151, 

271 

— — flues for, 15(5 

— — setting of, 15o, 

20U 

— — staying of, 98, 236 

— — incrustation in, 163 

— — fractores In, 206, 

207, 208 

— — overheating 0^211, 

230, 238 

— — heating sur&ce of, 

276, 290 

— — evaporative power 

of, 299 
Elastic limit of iron and steel, 214 
Elephaut boilers, 5, 276 
Elliptical boilers, 11 
Elliptical tubes, 18 
Evaporative power of boilers, 273, 

293, 299 
— — of tubes, 289, 

291 
Expansion and contraction, effects of, 
86, 40, 92, 203, 204, 
205, 230. 236 

— sudden, for removing 

scale, 184 

— of tubes in Cornisb boilers, 

193 

— of long boilers, ?09 
Experiments on strength of copper, 31 

— — iron, 38, 43, 

75 

— — tubes, 14 

— — spheres, 13 

— -^ steel plates, 

47,48 

— — steel riveted 

work, 50 
-« — welded steel 

bars, 52 
.. .— welded iron 

plates, 86, 

87 
-^ — * rivets, 66 

— — riveted work, 

69. 71, 73 
.. .^ pnnched&drii- 

led plates, 
68 



Experiments on strengtb of screwed 

bars, 93 

— in exploding boilers, 

239, 241 

— with steam coals, 2B0 

— evaporative power of flat 

surfaces and tubes, 
274, 284 
Explosions of sectional boilers, 6 

— caused by injudicious re- 

pairs, 210 

— caused by overpressure, 

226 

— caused by internal dynamic 

force, 232 

— caused by ignition of gases 

in flues, 233 

— simultaneous, 233 

— investigation of, 237 

— electricity as a cause of, 

239 

— superheating theory, 240 

— • by overheating, 241 

— spheroidal theory, 242 

F. 

Factor of safety, 213 

Fairbaim on elongation of iron bars, 9 

— strength of wrought iron 

tubes, 14 

— strength of wrought iron 

at high temperatures, 
43 

— strength of single and 

double riveted joints, 
69, 71 

— strength of iron and cop- 

per stay bolts, 100 
Faraday, analysis of sea water, 161 
Famley plates, 83 

Feed admission, best position for, 115, 

117, 205 

— — through blow-out ap- 

paratus, 170 

— delivery pipes, 116, 205 

— temperature of, 118, 308 

— heaters, 118, 166, 308 

— pipes, furring up of, 119, 168 
Fibrous iron, 89, 41 

Firebox staying, 99, 104 
Field's tnboi, 5 

Fireboxes, 25, 80, 91, 93, 99, 103, 
104, 275 



824 



INDEX. 



Fireboxes, fraotures in, 211 
Firebars, 152 

— wroaght and cast iron, 154 

— hollow, 154 

— expansion of, 153 
Fire doors, 151 
Firegrate, area, 293 

— inclined, 154 

— short and long, 271 
Firing, 267 

— forced, 255 
Flanging plates, 35 
Flash-flues, 156 
Flat ends of cylinders, 11, 22, 91, 98 

— staying, 23, 91 

Flat surfaces, strength o^ 21, 22, 23 

— permanent set of, 22 

— for evaporation, 275 
Fletcher, L. £., experiments on boiler 

explosions, 241 

— information about ex- 

plosions, 243 
Floats, 139 
Flues, cramped, 156 

— external, 293 
Fractures in cast iron, 27 

— appearance of in iron, 29, 

39, 42 

— in plates, 35, 78, 92, 115, 

205, 253, 281 
Franklin Institute, experiments, 31, 

239 
French boiler, 5 
Furnace boilers, fractures in, 206, 

207, 210 
Furnace mouth pieoe^ 150 

— fronts, 152 
Furring, see Incrustration. 

— up of feed apparatus, 119 

— — blow out, 144 
Furrowing, see Grooving. 
Fusible plugs, 131 

— — should be frequently 

renewed, 133 

o- * . 

Gadsby*s tubes, 5 
Galloway boiler, 4, 194, 293 

— tubes. 111 
Galvanic action, 94, 183, 190 
Gauge, mercurial pressure, 133 

— dial pressure^ 135 

— water, 136 



Grate area, 291, 293 

Gray*s, J. Macfarlane, rule for eMux 

of steam, 120 
Grease in water leading to over- 
heating, 166, 242 

— and priming, 150 

— may retard ebullition and cir- 

culation, 163 

— as affected by soda, 174 

— use of for preventing incrusta- 

tion, 177 

— may cause corrosion, 183 
Grooving, 91, 92, 108 

-^ in locomotive boilers, 196 

— in vertical boilers, 195 

— in waggon and haystack 

boilers, 195 

— in Cornish and Lancashire 

boilers, 192, 210 
Gusset stays, 22, 97 

H. 

Handholes in vertical boilers, 147 
Haystack boiler, 3, 195 
Heating surface, covered with soot, 

156 

— — and evaporative power, 

121 

— — efficiency of, 278 

— — value of, 290 
High pressure steam, economy of 

using, 2, 807 
Hiller, H., boiler explosions, 243 
Homogeneous metal, 44 
Hoops, strengthening for tubes, 107 
Hopkinson safety valve, 131 
Horse i>ower of boilers, 298 
Hydraulic riveting, 55 
Hydraulic test, 217 
Hydrochloric acid in boilers, 168, 176 



I. 

Incrustation on cast iron, 28 

— thickness of, 158 

— leads to overheating, 

158, 229 

— interferes with examina- 

tion, 159 

— difficulty of removing 

159 

— specific gravity of, 159 
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iDcrnstation, calcareous, 160 

— least in amount oyer fur* 

nace, 163 

— loss of heat dne to, 164, 

287, 294 

— appearance o^ 167 

— means for preventing, 

168 

— prevented by blowing off, 

169 

— by chemical agents, 172 

— by mechanical agents, 

177 

— by smearing boiler, 178 

— by improving circulation, 

180 

— prevented by sur&ce 

condensation, 182 
— ^ by manual labour, 183 

— by electric agents, 184 
Injectors, check valves on, 114 
Internal pressure in cylinders, 7, 213, 

310 
Internally fired Boilers, see Oomish 

and Lancashire boilers. 
Iron, wrought, character of, 32 
— — limit of elasticity, 214 

J. 

Jarring strains, 40, 220, 234 

— effects of, 62 
Joints for boiler mountings, 112, 145 

K. 

Kay's low- water safety-valve, 131 
Eirkaldy*s experiments on wrought 
iron, 38 

— remarks on fracture of 

iron, 40-42 

— experiments on steel 

riveted joints, 50 

— experiments on welded 

steel bars, 52 

— experiments on welded 

iron bars, 86 

— experiments on screwed 

bars, 93 
Kirtley's experiments on strength of 
welded iron plates, 87 

L. 
Lamination of plates, 35, 211, 230 



Lancashire boilers, 4, 92, 107, 111 

— — flues of, 167, 293 

— — overheating of fur- 
naces in, 116 

— — expansion of tubes 

in, 193 

— — grooving in, 196 

— — setting of, 199 

— — external corrosion 

0^ 204 

— — fractures in, 207 

— — testing of, 219 

— — heating surface of, 

276, 290, 297, 
293 

— — fire grates of, 271, 

154 

— — evaporative power 

of, 298 
Lap joints, 69, 73, 81 
Lap, defect of too much, 79 

— amount o^ 82, 84, 85 
Leakage, 80, 91, 220, 223 

— causes of, 202 
Lime, carbonate of, 160, 162 

— sulphate of, 160, 161 
Limit of elasticity, 214 
Locomotive boilers, 5, 90, 91, 116, 

117, 146, 204, 
211, 300 

— — fire boxes, 154 

— — heating surface 

of, 290, 291 
Longitudinal plating, weakness of, 

17, 72. 73, 89, 90 
Longridge, R. B., on explosions, 243 
Low moor plates, 33 
Low-water safety-valves, 131 

M. 
Machine riveting, 55 
Magnesia, carbonate of, 160-162 

— chloride of, 168 
Manholes, defective, 144 . 

— covers, 113 

Martin, E. B., on explosions, 243 

Maynard, experiments on punched 
and drilled pl&tea, 68 

Mechanic^ action as a cause of 
grooving, 197 

Mechanical agents for preventing in- 
crustation, 177 

Mercurial pressure guages, 134 

Mook -bridge plates, 33 



826 



INDEX. 



Mortar abonld sot be nied for boiler 

setting, 156, 198 
Madholes, 113, 145 
Mnliitabalar boUers, 4, 277, 298 299 

— — Betting 0^ 203 

0. 

Oval boilers, 10, 11 
Oval tubes, weakness of, 18 
Overbeating, caosed by incrDstation, 
158, 166, 211 

— caused by greasy water, 

179 

— accumulation of air, 228 

— caases o^ 228 

— indications of, 238 

— as a cause of explosions, 

241 
Orerpressure, 231 

P. 

Peclet on incrustation, 1 65 

— on air admission, 270 

— on evaporation, 280, 286 
Pitch of rivets, 74, 79 

— tables of, 81, 82, 84 
Pitting of plates, 189 
Plates, iron, 32, 206 

— thick edge, 91 

— thick, 69, 71, 84, 90, 281 
Plating, 89 

Potash for preventing incrustation, 

176 
Power, boiler, 298 

— evaporative, 273 

— horse, 298 
Pressure gauges, 133, 135 

— — position for fixing, 

136 

— initial blowing off, 120 

— high, economy of using, 2. 307 
Priming, causes of and prevention, 

149, 150, 165, 173 

— loss of watdr caused hy, 301 
Punching, effects of on steel plates, 47 

— effects on iron plates, 63, 64 

— power required for, 65 

— induces corrosion, 191 

Quality of iron plates, 33, 40, 64 

— copper, 30 



R. 

Rankine, Prot, on strength of flat 

Borfnces, 22 
— on heating surface, 

283, 296 
Rastrick boilers, 5 
Rate of combustion, 272 
Reed, B. J., on punched steel plates, 
48 
— on riveted work, 67 

Rivet beads, 54, 62, 63, 188 
Rivets, furm of, 53, 66 

— large, 81, 83 

— strength of, 55, 56, 68 
~ pitch of, 74, 79, 82 
^ tables, 81, 82, 84 

Riveted steel plates, 50 

— joints, 53 
Riveting by machine, 55 

— defective, 67 

Repairs, as affected by riveting, 51, 

66 
Rupture of fire boxes, 104 
Russian iron, 83 

S. 

Sal-ammoniac, use of, 176 
Salt water, analysis, 161 

— blowing out, 171 
Safety valves, rule for area, 120 

— — lift of, 121 

— — effective opening of, 121 

— — disc, 121 

— — mitre, 122 

— — guides, 123, 

— — lever, defects of, 1 24 

— — — rules for, 12rt 

— — spring balance, 127, 

180 

— — ■' dead weight, 129 

— — Cowbum, 129 

— — inoperative, 130 

— — low water, l'6l 

— — overloading, 231 

— — lock, 232 
Safety, factor of, 78, 89, 216 
Scale. See Incrustation. 
Sectional or segmental boilers, 3, 27 

169, 228, 278 

— accumulation of air in, 2 J8 
Screwed stays, 93 

Setting boiler, 156 

— — injudicious, 198 
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Sharp*8*experiment8 on steel plates, 

47 
S^hearing strength of rmts, 56 
Ship plates, 32 
Smoke preTention, 268 
Snapping of iron, 40, 41^ 
Soda, use of for preventing incrnsta- 
tion, 172 

— means for introducing, 172 

— destructive to packing, &c. 174 

— effect on plates, 174 

— used to prevent corrosion, 174, 

192 

— use of with greasy water, 175 

— use of may cause priming, 138, 

173 

— caustic, 174, 175 

— salts, solubility of, 160 
Spherical boilers, 3 
Sphere, strength of, 19, 25 
Staffordshire plates, 82 
Stays, 23 

Staying flat ends, 23, 91 

— egg-ended boilers, 98, 236 

— fire boxes, 104 

Steam domes and chambers, 147 

— pipes, 29 

— properties of, 803 

— efflux of into atmosphere, 120 
Stephenson, experiments on evapo- 

rative power of tubes, 284 
Steel for boiler making, 45 

— rivets, 61 

— welding, 52 

— oorroeion of plates, 189, 190 
Stone boilers, 2 

Strength of cylinders, transverse, 8 

— longitudinal, 7-11, 72, 73 

— due to lap joints, 17, 72 

— collapsing, 13 

— of flat surfaces, 21 

— of sphere, 19 

— of rivet iron, 55 

— of riveted joints, 58, 69, 71, 

173 

— tensile of cast iron, 25 

— — wrought iron, 38, 

43 

— — copper, 31 

— — steel, 44, 46, 49 

— — steel joints, 50 

— — stays, 99 

— loss of by punching, 64, 69, 

72 



Strengthening tubes, means for, 107 

— manholes, 145 

— domeholes, 150 
Stretching of wrought iron, 9, 42 
Surface condensation, 182 



T. 

Tables of diameter and pitch of rivets, 
81, 82. 84 

— properties of combustibles, 

245 

— composition of coal, 249 

— heat of combustion, 251 

— results of coal trials, 260 

— rates of combustion, 272 

— evaporative efficiency, 296 

— properties of steam, 

— bursting pressure of cylin- 

ders, 311 

— collapsing pressures of cy- 

linders, 814 
Tallow, use of, in boilera, 177 
Tannic acid for incrustation, 175 
Taps, water gauge, 188, 

— blow out, 1 42 

— best taper of, 142 

— gland and plug, defects of, 143 
Taylor Brothers' pUtes, 33 
Temperature, influence of, on strength, 

31, 43 
Tenacity of cast iron, 25 

— wrought iron, 9, 38 

— copper, 31 

— steel, 44, 46 

Test for boilers, hydraulic, 219 

— — objections to, 222 

— — duration of, 222 

— — steam, 218, 223 
Testing iron plates and rivets, 86 

— steel plates, 52 
Tie rods, 94 

Tightness, importance of, 80 
Treacherous character of cast iron, 25 

— — steel, 45 

Tubes, means for strengthening, 106 

— collapse of, 236 

— strength of, 14, 216, 313 

— steel, 49, 107 

— length of small, 293 

— distortion of, 220 

— evaporative power of, 276, 284 

— water, 4, 110, 294 
Tube-plates, leakage at, 205 
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Taboloos boUera, 3, 27, 159, 228, 
278 



U. 

Unit boiler, 8, 27, 228 

Ure, Dr., analysis of sea water, 161 



V. 

Vakes, feed back pressure, 118 

— safety, 119 

— blow out, 141 

Vertical boiler, 5, 89, 90, 92, 202, 

299 

— — fire grates o^ 154 

— — fractures in, 210 

— — grooying in, 195 
Vibration, effects of, 40, 62, 220, 234 
Voltaic action. See Ghilvanic action 



W. 

Wagon boiler, 8, 195 



Wasb-out plugs, 146 * 

Waste pipes to safety valves, 125 

— to blow out apparatus, 

143 
Water feed, nature of, should influence 
cboioe of boiler to be used, 159 

— pockets, 111, 278 

— gauges, 136 

— spaces, 108, 110, 111 

— tubes, 4, 110, 276, 278, 291 
Wear and tear due to overheating, 

-168 
Welded iron plates, 86, 197 

— steel bars, 52 
Welsh coal, 248 
Williams on evaporative power of 

tubes, 289 
Woolf boiler, 5 
Working of wrought-iron plates, 34 

— steel plates, 46 
Wrou^ht-iron plates, 32 

— cbaracter of, 34, 45 

— tenacity of, 9, 38 
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Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. \In the press, 

*<^* In accumulating information for this volumCy the Author has 
been very liberally assisted by several professional friends ^ who have 
made this department of engineering their special study. He has thus 
been in^ a position to prepare a work which, within the limits of a 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects, theoreticcU and practical, con' 
nected with water supply. Through the kindness of Messrs, Ander- 
son, Bateman, Hawksley, Homersham, Baldwin Laiham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, con- 
structed and in course of construction, from the designs of these gentle- 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE TEXT : — 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — Water and the Foreign Matter usually associated witn it. — Rainfall and 
Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 
Sites for Water Works. — ^Wells. — Reservoirs.— Filtration and Filter Beds. — Reservoir 
and Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery. — 
Culverts and Conduits, Aqueducts, Syphons, &c. — Distribution of w^ater. — ^Water 
Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
with a Description of the numerous Works illustrated, viz : — Aberdeen, Bideford, 
Cockermouth, Dublhi, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherhani, 
Sunderland, and several others ; with copies of the Contract, Drawings and Specitl- 
cation in each case. 
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Humbers Modern Engineering, First Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Coittprising Civil, Mechanical, Marine, Hyrdraiilk, 
K^waiy, Bridge, and other Engineering Works, &c. By Wiujam 
HUMBER, Assoc. Inst C.E., &c Imp. 4to, with 36^ Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c. Price 3/. 3J>. half morocco. 

Lisi of the Plata, 

NAMK AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Victoria Station and Roof— L. B.&S. C. Rail, x to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier 9 and 10 Mr. James Brunlees, C.£. 

Victoria Station and Roof— L. C. & D. & G. W: 

Railways xitoisA Mr. John Fowler, CE. 

Roof of Cremome Music Hall x6 Mr. William Humber, CE. 

Bridge over G. N. Railway 17 Mr. Joseph Cubitt, C E. 

Roofof Statiozt— Dutch Rhenish Railway .. x8andz9 Mr. Busch^di, CE. 

Bridge over the Thames— West London Ex- 
tension Railway 30 to 34 Mr. William Baker, CE. 

Armour Plates 25 Mr. James Chalmers, CE. 

Suspension Bridge, Thames 96 to 39 Mr. Peter W. Barlow, CE. 

The Allen En^ne 30 Mr. G. T. Porter, M. E. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, C. E. 

and W. H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, C £. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and printed. It will find fkvour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engmeer. 

Humberts Modern Engineering, Second Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C. E. , M. P. , F. R. S. , &c Price 3/. y, half morocco. 

List of the Plates, 

HAMS AND DnclttPTION. PLATBS. KAMK OF BNGIKBBR. 

Birkenhead Docks, Low Water Basin i to 15 Mr. G. F. Lyster, CE 

Charing Cross Station Roof— C. C. Railway. z6 to z8 Mr. Hawkshaw, C£. 

r>isswell Viaduct — Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viadttct— Great N. Railway. 20 Mr. J. Cubitt, CE. 

Iron Permanent Wav. aoa — . 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway 21 Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.£» 

College Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

Dublm Winter Palace Roof 241026 Messrs. Ordish&LeFemrre. 

Bridge over the Thames— L. C. & D. Railw. 27 to 33 Mr. J. Cubitt, CE. 

Albert Harbour, Greenock 33 to 36 Messrs. Bdl & MiUcr. 

With copious Descriptive Letterpress, Specifications, &c. 



*' A r^jww/ of all the more interesting and important works lately completecl in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
details, will be found a valuable accessory to the profession at la^." — Bngitmrf. 

" Mr. Humber has done the profession good and true service, by the fine collection 
of examples he has here brougnt before tne profession and the public"^— /'mc/foi/ 
Mechanic's Journal. 



WORKS PUBLISHED BY LOCKWOOD & CO. 



Humberts Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1S65. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait of J. R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3^. half 



morocco. 



List of Plates and Diagrams. 



Bxidge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Sidb. 

Map showing Interoeptioii of Sewers. 
Middle Level Sewer. Sewer under Re- 
gent's Canal. 
Middle Level Sewer. Junction with Fleet 

Ditch. 
Outfall Sewer. Bridge over River Lea. 

Elevation. 
Outfall Sswer. 

Details. 
Outfall Sewer. 

Details. 
Out&Il Sewer. Bridge over Marsh Lane, 

North Woolwich Railway, and Bow and 

'Barking Railway J[uiiction. 
Outfall Sewer. Bndge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfall Sewer. Reservdir. Section. 
Outfall Sewer. Tumbling Bay and Outlet. 
Outfall Sewer. Penstoclu. 

South Side. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet 
Plan. 



MAIN DRAINAGE. METROPOLIS, 
continued— 

Outfall Sewer. Reservoir and Oodet 

Details. 
Outfall Sewer. Reservoir and Oudet. 

Details. 
Outfall Sewer. Resovoir and Outlet. 

Details. 
Outfall Sewer. Filth Hoist. 
Sections of Sewers (North and Sootik 

Sides). 

THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overilo w and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer. 
Penstodc. 

Overflow and Outletat Savoy Street Sewer. 
Poistock. 

Steam-boat Pior, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press. 

*' Mr. number's work»— especially his annual ' Record,' with which so many of our 
readers are now familiar — ^fiU a void occupied by no other branch of literature. .... 
The drawings have a constantly increasing value, and whoever desires to possess dear 
representations of the two great works carried out by our Metropolitap Board will 
obtain Mr. number's last volume. " — En£^i»e€rif$£: 

" No engineer, architect, or contractor should fail to preserve these records of works 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanu^s Magaaine, 

" A work highly creditable to the industry of its author The volume is quite 

an encyclopaedia for the study of the student who desires to master the subject of 
municipal drainage on its scale of greatest development. "-^/'nic^ica/ Mechanic's 
Joumal. » 



4 WORKS PUBLISHED BY LOCKWOOD & CO. 

Humberts Modem Engineering. Fmirth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4tOy with 36 Double Plates, drawn to a laige 
scale, and Photographic Poitrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3^. half-morocco. 

List of the Plates and Dia^ams. 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis z to 4 Mr. Bazaleette, C. E. 

Barrow Docks -. * 5 to 9 Messrs. M Clean & ^tillman, 

Manquis Viaduct, Santiago and Valparaiso £C. £. 

Railway 10, 11 Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. Z2, 13 Mr. H. Cross, C.£. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. T. Hawk^aw, C.E. 

Road Bridge over the River Moka 17, 18 Mr. H. Wakefield, CE. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C.E. 

Viaduct over the River Wye, Midland Railw. ao to 23 Mr. W. H. Barlow, CE. 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, C.E. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millwall Docks. .*. 36 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, CE. 

Milroy's Patent Excavator 33 Mr. Milroy, C E. ^ 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

Chief. and Mr. T. M. 
Johnson, CE. 

Harbours, Ports, and Breakwaters A to c 

T%e Letterpress comprises — 

A concludhig article on Harbours, Ports, and Breakwaters, with 
lUustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Tel^raph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press, 

** Mr. Humber's ' Record of Modem Engineering * is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practical information in the form of full descriptions and 
workmg drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the * Record ' is not a 
whit behind its predecessors." — Mechanic:^ Magazine. 

** We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are well 
Known, while its usefulness in giving the measurements and details of some of the 
latest examples of engineering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — Artizan. 

"The volume forms a valuable companion to those which have preceded 'it, and 
cannot fail to prove a most important addition to every engineering library." — Mining 
youmat. * " 

" No one of Mr. Humber's voliunes was bad ; all were worth their cost, from the 
mass of plates from well-executed drawings which they contained. In this respect, 
perhaps, this last volume is the most valuable that the au^or has produced.** — Prac- 
*''ral Mechanics' youmat. 
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Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst 
M.E. Third Edition, revised and much improved, with 1 15 Double 
Plates (20 of which now first appear in this edition), and'numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. 6d. half- 
bound in morocco. {Recently published. 

"A very valuable contribution to the standard literature of civil engineering. In 
addition to elevations, plans, and sections, large scale details are given, which very 
much enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable a fund of information." — Civil Engitieer atid ArckiUcf s 
youmal. 

_ "The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction, lliese 
investigations are exceedingly complete, having evidently been very carefully con- 
siderea and worked out to the utmost extent that can be desired by the practical man. 
llie tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we bave 
great pleasure in cordially recommending this work to our readers." — Artizan. 

" Mr. Humber's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Bnmel, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among oiur 
most eminent engineers, are drawn and specified in great detaiL" — Engineer, 

Weale's Engineer s Pocket-Book, 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockvvood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 
*' A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference op a variety of subjects more 
or less intimately connected with their profession." — Colliery Guardian. 

" Every branch of engineering is treated of, and facts, figures, and data of every 
kind abound." — Mechanics^ Mag. 

"It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally." — Mining youmal. 

Iron Bridges^ Girders, Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.E. 
With numerous Diagrams. i2mo., cloth boards, 3.r., cloth limp, 2.s. 

{Recently published, 
'* For numbers of young engineers the book is just the cheap, handy, firft guide 
they want" — Middlesboroitgh Weekly News. 

'Invaluable to those who have not been educated in mathematics." — Colliery 
Guardian. 
" Remarkably accurate and well written." — Artizan. 
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Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
witli Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.K, to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., "William 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
lUiistrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Rqbert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c. The whole arranged and 
edited by William Humber, Assoc Inst. C.E., and Mem. Inst. 
M.E., Author of *' A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c &c. Demy 8vo, 400 pp., 
with 19 large Plates, and numerous woodcuts, price \%s. doth. 

** This edition has undergozic considerable improvement, and has been brought down 
to the fgresent date. It is one of the first books of reference in existence."— v4r/»a». 

*^ Although issued as the sixth edition, the volume under consideration is worthy of 
being reearded. for aJl practical purposes, as an entirely new wwk . . . ^e book 
is undoubtedly worthy of the highest commendation." — Mining yaumal. 

"An increased value has been given to this very valuable work by the addition of 
a large amount of information, which cannot prove otherwise than highly useftd to 

those who require to consult it The arrangement and «iiting of this 

mass of information has been undertaken by Mr. Humber, who has most ably fulfilled 
a task requiring special care and ability to render it a success, which this edition most 
certainly is. He has given the finishmg touch to the volume by introducing into it 
an interesting memoir of Professor Barlow, whidi tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession." — Mechanic^ Magazine. 

**A book which no engineer of any kind can afford to be •mihouV^CoUiety 
Guardian. 

** The best book on the subject which has yet appeared. .... We know of 
no work that so completely fumls its mission.*' — English Mechanic. 

** There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office, or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend." — Building News. 

*• The standard treatise upon this particular subject** — Engineer. 

Strains, Formula & Diagrams for Calculation of, 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
Humber, Assoc. Inst C.E., &c. Fcap. 8vo, with nearly 100 
Woodcuts and 3 Plates, price *js, 6d. cloth. 

"The arrangement of the matter in tins litde volume is as convenient as it well 
could be. • • ,• * The system of employing diagrams as a substitute for complex 
computations is one justly craning into ^eat favour, and in that respect Mr. Humber's 
volume is fully up to the. times.'* — Engineering. 

" I'he formula aie neatly expressed, and die diagrams good." — Athemeum. 

**\Ve heartily commend this really handy book to our engineer and an^tect 
readers."— jE:«^/mA Mechanic. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, $s. doth. 
Contents. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar Inracmg Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triaagular 
Basings ; Cantilevers ; Continuous Girders ; lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams, Pillars^ &c. 

IRON AND HEAT, Exhibiting, the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smejting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 3J. 6d, ; cloth limp, Ar. 6d. 

[Recently published. 
*' A very useful and thoroughly practical litde volmne, in every way deserving of 
circulation amongst working men." — Mining' youmal, 

"No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without it." — South Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, cloth 
boards, 3J. dd,; doth limp, 2j. dd. {Recently published, 

'* Numerous illustrations enable the author to convey his meaning as explicitly as 
it is perhaps possible to be conveyed. The value of the theoretic and practical know- 
ledge imparted cannot well be over estimated." — NeTvcastle Weekly Chronicle. 

Metallurgy of Iron. 

A TREATISE, ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
. Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of ^ Mines. With numerous Illustrations. Third 
Edition^ revised and much enlarged. l2mo., cloth boards, ^s. 6d, ; 
cloth limp, 4-f. 6d. [^ust published, 

" Carefully written, it has the merit of brevity and conciseness, as to less important 

points, while all material matters are very fully and thoroughly entered into." — 

Standard. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphioal and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Lieut-General Frome, R.E., late In- 
spector-General of Fortifications, &c. Fourth Edition, Enlarged, 
thoroughly Revised, and partly Re-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates and 115 Wobdcuts, 
royal 8vo, price I dr. cloth. \yust published. 
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Hydraulics. 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment- Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, idr. cloth. 

*»♦ This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins; hydrostatic and hydraulic pressure; 
water-power, &c. &c. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., 1^1. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. (id, cloth. %* Trautwine on Curves, separate, price 5j. 

"One of the most important text-books for the genial surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume." — Mining youmal. 

** The text-book on levelling in most of our engineering schools and colleges." — 
Engineer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing outihe present edition of Mr. Simms's useful work.'* 
— Engirtcering. 

Tunnelling, 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sinking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, an^ the Construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c. &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book," &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8vo, i/. is, cloth. 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst. C.E., Author of ** Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, 12s. cloth. 

%* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, cloth. 

The High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c. &c With 28 fine Plates, 
8vo, I dr. 6^. cloth. 

"A work like this, which go«s thoroughly into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library." — Steam, Shipping Chronicle. 

Steam Boilers, 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application ot Steam. i2mo, cloth boards, 328 
pages. {Nearly ready. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3^. dd, 

** Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small aavantage as Regards the rapi4ity 
of work. They are 'clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend them to all practical men." — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — Atff£mtum. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E. 
(Extracted from Simms's Work on Levelling). 8vo, 5^, sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c. 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c. By W. D. Haskoll, C.E. 
Plates and Woodcuts. Published annually. 8vo, cloth, df. 
" As furnishing a variety of data on every conceivable want to civil engineers and 
G<mtiactor5, this book has ever stood perhaps yxanw^eA*'— Architect. 

Surveying (Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instniments. By W. Davis Haskoli., C.E., 
Author of "The Engineer's Field Book," " Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price 12^. (id. dotifi, 
with 14 folding Plates, and numerous Woodcuts. 
** A most useful and well arranged book for the aid of a student We 

can stronely recommend it as a carefully-written and valtmble texxAiw^" -^Builder. 
"Mr. Haskoll has knowledge and euEpsrieBQe, and can so give exi>resston to it as 

to make any matter on which he writes, clear to the youngest pupil in a surveyor's 

office." — Colliery Giutrdian. 

*' A volume which cannot fail to prove of the utmost practical utility It 

is one which may be safely recommended to all students who aspire to become clean 

and expert siu-veyors." — Mining Journal. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, levised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous foldiAg Plates. Demy 8vo, 2 
vols, in one, cloth boards, l/. u. (published at 2/. 4J.) 

Mining Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying,. with new Traverse Tables; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties: to which is appended M. THOMAN'S (of 
the Credit Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By William Lintern, Mining and Civil Engineer. i2mo, 
strongly bound in cloth boards, with four Plates of Diagrams, 
Plans. &c., price los. 6d. \yust piiblished, 

** Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy." — Iron and Coal Trades Review. 

** The matter, arrangement, and illustration of this work are sill excellent, and make 
ne of the best of its \dnd:*— Standard. 
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Fire Engineering'. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c. , &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp. , demy 8vo, price i/. 4?. cloth. 
" We can most heartily commend this book. .... It is really the only £nglish 
work we now have upon the subject." — Engineering. 

" We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades." — Mechanic^ Magazine, 

Manual of Mining Tools, 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo. With an Atlas of Plates, containing 235 Illustrations. 4to. 
Together, price 9^. cloth boards. [Recently published, 

*' Students in the Science of Mining, and not only they, but subordinate officials in 
mines, and even Overmen, Captains, Managers, and Viewers may gain practical 
knowledge and useful hii^ by the study of Mr. Morgans's Manual." — Colliery 
Guardian, 

"A very valuable work, which wifi tend materially to improve our mining litera- 
ture." — Mining J^oumal. 

Gas and Gasworks, 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACT.URING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Third Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, bound in cloth boards, 
i2mo, price 4^. 

Waterworks for Cities and Towns, 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hugh£S, 
F.G.S., Civil Engineer. New and enlarged edition, i2mo, doth 
boards, with numerous Illustrations, price 5j. \yust published. 

" One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-estimated." — Bradford Observer. 

Coal and Coal Mining, 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected. i2mo., cloth boards, with nume- 
rous Illustrations, price 4$". 6^. \yust published, 
" Every portion of the volume appears to have been prepared with much care, and 
as an outlme is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers." — Mining Jourttal. 

"Certainly experimental skill and rule-of-thumb practice would be greatly en- 
riched by the addition of the theoretical knowledge and scientific information which 
Mr. Warington Smyth communicates in combination with the results of his own ex- 
perience and personal research." — Colliery Guardian, 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, CivU 
Engineer. Third Edition, much eidarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price \7J. cloth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate- the importance of such a work 
and me amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the acciuucy and fulness of those given in this volume."— J?at/- 
way News. 

*' The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute wil^ make^t useful for many other purposes, the 
genuine traverse tables existmg all the same." — Athenteutn. 



** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.— ikfmm^ 

" We strongly recommend this second edition of Mr. HaskoU's ' Field Book' to all 
classes of surveyors." — Colliery Guardian, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2j. dd, cloth. 

*' As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
woik will nnd a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's QfSkxx&.**—Artiza$t, 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I.C.E. Reprinted and en- 
lai^ed from the Article "Harbours," in the Eighth Edition of " The 
Encyclopsedia Britannica." With 10 Plates and nimierous Cuts. 
8vo, lor. (id, cloth. 

Matliemaiical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engmeer, 
Architect, and Surveyor. By Frederick W. Simms, M. Inst. 
C.E., Author of ** Practical Tunnelling," &c. Third Edition, with 
numerous Cuts. i2mo, price 3^. td, Soth. 
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Bridge Construciion in Masonry ^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting; of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. hd, 
half-morocco. 
" One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice of Uie railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its y9i\xc.**—Engifieerin£^. 

Mathematical Instruments, their Construction, &c. 

MATHEMATICAL INSTRUMENTS : th^r CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. Bv J. F. Heather, M.A., Author of "Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
l2mo, cloth boards, price 5^. \Now ready. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQU-E 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst C.E. Imperial 8vo, 12s, cloth. 
"The standard text-book for all engineers regarding skew arches, b Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

Wealds Series of Rudimentary Works, 

These highly popular and cheap Series of Booke, now comprising 
nearly Three Hundred distinct Works in almost every department of 
Science, Art, and BSduoation, are recommended to the notice of En- 
gineers, Architects, Builders, Artisans, and Students generally, as well 
as to those Interested in Workmen's Iiihraries, Free Ubrarles, laterary 
and Scientific Institutions, Oolleges, Schools, Scien ce O lasses, dsc, Ac. 
*«* Usts may be had on application to IiOOKWOOD db OO. 

WeaUs Dictionary of Terms in Architecture, 
Engineering^, Art. &c. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHi€OLOGY, the FINE ARTS, &c. By John Weale. 
Fourth Edition, enlarged and revised by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of " Ure's Dictionary of Arts," 
&c. i2mo, cloth 1x>ards, price 6j. \Just published. 
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ARCHITECTURE, &c. 

• 

Construction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 

price &f. 6d. cloth. \ReceHtly published, 

** A very valuable book, which we strongly recommend to all stadents."-»Bui/der. 

. ** While Mr. Tarn's valuable little volume is quite sufficiently scientific to answer 

the purposes intended, it is written in a style that will deservedly make it popular. 

The Aagrams are numerous and exceedingly well executed, and the treatise does 

credit aluce to the author and the publisher." — Engineer. 

••No architectural student should be without this hand-book of constructional 
knowledge." — Architect. 

** The book is very far from being a mere .compilation ; it is an able digest of 
inlonnation whkh is only to be found scattered through various works, and contains 
more really original writing than many puttug forth far stronfger claams bo originality." 
— Engineering. 

Beaton s Pocket Estimator, 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the Tarious parts 
ol a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' 33 Woodcuts. Leather, waistcoat-pocket size. 2J-. 

Beaton' s Builders' and Survey ors Technical Guide, 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Buildii^ Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of ' Quantities a&d Measure- 
meats.' With 19 Woodcuts. Leather. Waistcoat pocket size. 2s. 

[Ntw ready. 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; bemg a 
Series of Designs for Villa Residences in various Styks. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
Engiand," &c. First Series, consisting <^ 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2/. lar. half 
morocco. Either Series separate, price i/. *J5. each, half morocco. 
''The whole of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students^ and 

amateurs." — BuHding News. 

The Architect's Guide, 

THE ARCHITECT'S GUIDE ; or. Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c. By W. pAVis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price 3^. dd. 
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Vitruvius^ Architecture, 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., E.R.A.S. 
Numerous Plates, izmo, cloth limp, price 51. 

The Young Architect's Book. ' 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of " The Palace of Architecture," &c. &c 
Second Edition. With numerous Woodcuts. 8vo, 7^., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Geor(^ Pyne, Author of a ** Rudimentary Toreatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7^*. 6^., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto — the Grecian 
and Roman Orders. III. Practical Rules on Drawing — ^Perspective. IV. Practical 
Rules on Light and\Shade. V. Practical Rules on Colour, &c. &c 

Drawifig for Engineers^ &c, 

THE WORKMAN»S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. Second Edition, carefully revised. 
With upwards of 300 Plates and Diagrams. i2mo, cloth, 
strongly bound, 4J. 6fl?. [Now ready, 

" Even accomplished draughtsmen will find in it much that will be of use to them. 
A copy of it should be kept for inference in overy drawing office." — Mng^ineering. 

"Aa indispensable book for teachers of engineering drawing. *' — Meekanics' 
Mageutme. 

Cottages, Villas, and Country Houses. , 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies ,of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each, 
in 4to, with 67 plates, price i/. u., cloth. 

Builders Price Book. 

ATCHLEY'S BUILDERS' PRICE BOOK for 1873, contain- 
ing a complete List of Prices of Builder's Materials and Labour of 
all Trades in coomeation with Building ; useful and important 
Tables and Memoranda for preparing Estimates, compiled bya 
staff of experienced men. To which are added, — Builders' Prices 
for the West Riding of Yorkshire, specially prepared for this work ; 
Tables for Calqilating wages ; Builders' Measurements, with Bills 
of Quantities. By A. C. Beaton. Marks and Qualities of 
Timber, with Rules for Calculating the Various Standards ; Iron 
as applied to Building Structures. *By a Civil Engineer. Crown 
8vo, strongly bound, price 3^. dd. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &a, and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioo pp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2j. (Published at 4/.) 

" In these two volumes of x,ioo pages (together), for^-foiir specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the works,' and occupies more than 100 printed pages. ^ 

" Amon^t the other knoMm buildings, the specifications of which are given, are 
the WUt^ire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, HoUoway (Bunning) ; the High School, Edinburgh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St George's Church, Doncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lsme, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railwdv (Brydone) ; 
and one Frencn specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
HittorfT, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. Tne majority of the specifications have illus- 
trations in the shape of elevations and plans. 

" We are mos| glad to have the present work. It is valuable as a record, and more . 
valuable still as a book of precedents. 

" About 140 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, fiarrister-at-law ; intended rather fur those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words what our 
readers will Have eathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — Builder, 



Mechanical Engineering. 



A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy 8vo, cloth, 
price \2s. 
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Grantham s Iran Ship-Building, enlarged. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged. 
By John Grantham, M. Inst. C.E., &c. Price 2/. 2j. complete. 

Description of Plates, 



X. 



3. 



5. 
6. 



8. 



zo. 



II. 

13. 



X3- 



14. 
IS. 



X5tf. 



Hollow and Bar Keds, Stem and 
Stem Posts. [Pieces. 

Side Frames, Floorines, and Bilge 

Floorings ftf«/m»<^</— Keelsons, Deck 
Beams, Gunwales, and Stringers. 

Gunwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-IroxK T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natural size ; 
Flush and Lapped Joints, with 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Modes of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast,Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessel, showing Details — Fore 
End in, Section, and End View, 
with Stem Post, Crutches, &c. 

Large K«j*/,showing Details — ^ter 
End in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Lar^e ^Vm^/, showing Details— iJfii/- 
shtp Section^half breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



15^. Double Lever Punching and Shearing 
Machine, arranged for cutting 
Anele and T Iron, with Dividing 
Table and Engine. 

x6. J/otAwi^J.— Garforth's Riveting Ma- 
chine, Drilling and Counter-Smking 
Machine. 

i6a. Plate Planing Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron : Various Tools used in 
Riveting and Plating. 

18. Gunwale ; Keel and Flooring ; PJan 

for Sheathing with Copper. 
i8<». Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 

19. Illustrations of the Magnetic Condi- 

tion of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets, &c. 

21. Corroded Iron Bolt in Frame of 

Wooden Ship ; Jointing Plates. 

32-4. Great Eastern- — Longitudinal Sec- 
tions and Half-breadth Plans — Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 

25-6. Paddle Steam Vesselof Steel. 

27. Scarbrough — Paddle Vessel of Steel. 

28-9. , Proposed Passenger Steamer. 



30- 
31. 

32. 
33- 
34. 
35- 



Persian — Iron Screw Steamer. 
Midship Section of H.M. Steam 

Frieate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stern, and Rudder of H.M. 

Steam Frig:ate, Bellerophon. 
Midship Section of H.M. Troop Ship, 

Serajbis. 
Iron Floating Dock. 



*' An enlarged edition of an elaborately illustrated work." — Builder. 

" This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the engravings being brought down to the present period . . . 
The practical operations required in producmg a ship are described and illustrated with 
care and precision." — Mechanics^ Magazine. 

" A thoroughly practical work, and every question of the many in relation to iron 
.shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 
. . . . As good a volume for the instmction of the pupil or student of iron naval 
ardiitecture as can be found in any language." — Practical Mechanics* Journal. 

*' A very elaborate work. . . . It forms a most valuable addition to the history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will rocommend it as one of practical utility to all interested in shipbuilding."— /I rwy 
and Navy Gazette. 



i8 WORKS PUBLISHED BY LOCKWOOD & CO. 



CARPENTRY, TIMBER, &c. 

♦— 

TredgolcCs Carpentry, new, enlarged, and cheaper 
Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c„ 
with Descriptions uf the Kinds of Wood used in Building ; also 
numerous Tables ef the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (11 of which now first a{:qpear 
in this edition), Pcnrtrait of the Author, and several Woodcuts. lu 
I vol., 4to, published at 2/. 2J., reduced to i/. 5^., cloth. 

"'Tredgold's Carpentry' ought to be in every cu^chitect's and every builder's 
libnrv, and those who do not already possess it ought to avail themselves of the new 
issue. — Builder. 

**A work whose monumental excellence must commend it wherever skiUul caN 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time, and, as now presented, combine the surest base with the moat kibereating display 
of progressive science. The additional plates are of grc^ intnasic ya\uc.*'—-^Miidtng 
News. 

** *Tredgold's Carpentry' has ever held a high podcion, and die issue of tiie fifth 
edition, in a still more improved and enlar|;ed form, will give satisfiitGtion to a very 
laxse number of artisans who desire to raise themselves m their business, and who 
seek to do so by displaying a greater amount of knowledge and intcUigencc than their 
fellow-workmen. It is as complete a work as need be desired. To the superior 
workman the volume will prove invaluable ; it contains treatises written in laqguage 
whic^ he will readily comprehend. " — Mining JoumaL 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard K 
Grandy. Comprising : — An Analysis of Dei^ Standards, Home 
and Foreign, with comparative Values and Tabular Arrang^nents 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Puty, &c., 
&c. ; together with Copious Information for the Retailer and 
Builder. i2mo, price *js. 6^. cloth. 

*' Everything it pretends to be : built up gradually, it leads one iirom a forest to a 
treenail, and throws in, as a makeweight, a host of material concerning bricks, cohunns, 
cisterns, ftc^-^l that the class to whom it appeals requires." — English Mecktutic. 

" The only difficulty we have is as to what is not in its pages. What we have tested 
of the contents, taken at random, is invariably correct." — I llusiraied Builder's ytmmal. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 

Feet in Boxes or Packing-Cases, from six inches square and 

upwards. Compiled by William Richardson, Accouiltant 

Oblong 4to, cloth, price 3X. (id. 

*' Will save much labour and calculation to packing<case makers and those who use 
packing-cases." — Grocer. ** Invaluable labour-saving tables." — I-rometougtr. 
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Nicholsons Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard workl A new Edition, revised 
by Arthur Ashpitel, F.S.A., tc^ether with Practical Rules on 
Diawii^, by George Pyne. With 74 Plates, 4to, i/. \s. cloth. 

Dowsing' s Timber Merchant's Companion, 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of SO'Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information.- By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, y. cloth. 

•* Everything is as concise and clear as it can possibly be made. There can be no 
doubt tluit every timber merchant and builder ought to possess it, because such possession 
would, with use, vnqucstionaUy save a very great deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is requisite to 
aacertun its weight. Mr. Dowsing's tables provide an easy means of doing this. 
Indeed every penon who has to do with wood ought to have it." — Hull Adzntrtiaer^ 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC .GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of "The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5j. bound. \^Recently published. 

" As a text-book cJi reference, in which mechanical and commercial demands are 
judiciou$lymet,TEMFLETON'sCoMPANiON stands unrivalled." — Mechanics' Magazine, 

** Adiflirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work. ** — Building News, 
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Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 4th Edition. i8mo, 2s.6d. cloth. 

" So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Meckanics' Metgaziru. 

** Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
— BuUding I^ews. 

Designings Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, . and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
lox. 6d. cloth. \Jiecently published. 

*' This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The Irish BuUder. 

** The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."— 
Mining yournal, 

** We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hangmg, uat is not fully treated upon in this valuable 
work."— T^fc^ Artisan. 

*' Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade. From the extent of the information w^hich the volume 

embodies, and the care taken to secure accursu:y in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners." — Colliery Guardian, 

" Altogether the book is one which well fulfils the promise of its title-paj^e, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography oeing 
bold and clear, and the plates very well executed." — Engineering. 



Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c By James Haw- 
kings. Fcp. 3^. 6</. cloth. 
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MATHEMATICS, &c. 

— ♦ 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure MATHEMATics—comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. • 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mt^thematics, Belfast College; Author of **A Course of 
Mathematics,*' &c. With 13 Plates. Medium 8vo, i/. u. cloth. 

" As a standard work on mathematics it has not been excelled." — Artizan. 

" The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very wisely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. TTie rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builder. 

" One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem ^most like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the lareer requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
para^n^phs here and there, and corrected the numerous typographical errors which 
have escaped the eyes of the former Editor. The book is now as complete as it is 

possible to make it We have carried our notice of this book to a greater 

length than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
overstepping our limit. It is an instructive book for the student, and'^a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DOWLING, C. E, Second Edition, revised and enlarged. 8vo, 
lox. dd. strongly bound. 

" Mr. Bowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Athenaum. 

** Their accuracy has been certified by Professor Airy, the Astronomer-Royal."— 
Builder. 

** Resolution 8. — That advantage will be derived from the recent publication of 
Metric Tables, by C. H. Dowling, Z.Y^'^—Report of Section F^ British Association y 
Bath. 
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InwoocTs Tables y greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Coll^jes, or 
. other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Interm^iate 
Rates. By William Inwood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F6dor Thoman, of the Societe 
Credit Mobilier of Pans. i2mo, &. doth. 



« * 



^* This edition {the 1 8/"//) differs in many important particulars 
from former ones. The changes consist^ first, in a more convenient 
and systematic arrangement of the original Tables^ and in the removal 
of certain numerical errors which a very careful revision of the whole 
hcts enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing 
has been abstracted from the original collection: so thai those who have 
been long in the habit of consulting In WOOD for any special prefes- 
sional purpose willf as heretofore^ find the informedion sought still in 
its pages. * 

*' Those interested in the purchase and sale of estates, aad in the adjustncntof 
compensation cases, as well as in transactions in annuities, life iasitraaces, ftc, will 
find the present edition of eminent warn<x."-^EMgitieering. 

Geometry for the A7xhitect, Engineer ^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Applicatioa of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of " The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. 12s. 6d. {^Nawrtetdy. 

" No book with the same objects in view has ever been published in which the 
clearness of the rules laid down and the illustrative diagrams have been so satis- 
factory. " — Scotsman. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their ApplicatioiK and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FiiDOR Thoman, of the Soci^t^ Cr^t Mobifier, 
Paris. i2mo, cloth, 5J. 

"A very powerful work, and the Author has a very remarkable ccwunaad tA his 
subject." — Professor A. de Morgan. 

** We recommend it to the notice of actuaries and Siccountaxits.**— At Aemeum, 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributiops of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
doth boards, and lettered, price 4/. lar. 

"A compendious encyclopaedia of military knowledge, to which we are gready vor 
^t^XadJ* ^-Edinburgh Review. 

" The most comprehensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be found napies of 
the highest distinction in the ^Krtvov&,**'^^Volunteer Service Gazeiie. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, price I2j. complete. 

Nerval Science, Edited by E, J , Reed, C,B. 

•naval SCIENCE : a Quarterly Magazine for Promoting the 
Improvement of Naval Architecture, Marine Engineering, Steam 
Navigation, and Seamanship. Edited by E. J. Reed, C.B., late 
Chief Constructor of the Navy. Copiously illustrated. Price zs. 6d. 
No. 5, April, 1873, now ready. ^ (Vol. I., containing Nos. i to 3, 
may also be had, cloth boards, price I or. 6(1.) 

*^* The Contributors include the most Eminent Authorities in the several 

branches of the above subjects. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS an4 DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 
W. Slater. Post 8vo, cloth, price 7^. 6d. \Recently published. 

"A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, ard the methods of determimng the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable."— CAmmst^ and D^ruggist. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 

iietism, Diamagnetism, Electro-Dynamics, Magno- Electricity, and 

the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 

Lecturer on Chemistry at St George's HoRpitaL Fourth Edition, 

entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. ^f. cloth. 

" The commendations already bestowed in the pages of the Lancet on the former 
editions of this work are more than ever merited by the present The accounts given 
of electricity and galvanism are not only complete m a scientific sense, but, which is a 
rarer thing, are popular and interesting." — Lancet. 
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Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY: in- 
eluding Magnetism, Voltaic Electricity, Electro- Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 

f>lication of Electrical Science, including its latest Practical Deve- 
opments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George*s Hospital.* Post 8vo, 400 Illustrations, \2s. 6d. cloth. 

"We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts." — Atfunetutn. 

" A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Science Revieuo, 

" Qear, compendious, compact, well illustrated, and well printed." — Lancet. 
" We can strongly recommend the work, as ap admirable text-book, to every student 
— beginner or advanced— of electricity." — Engineering. 

" Xothine of value has been pa5»ed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Mechanic^ Magazine. 

'* We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so 
complete a range of facts."— JEngiisA Mechanic. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth, 4r. 6dr., cloth 
limp, 3J. (id. [Now ready, 

" There is a good index, and this volume of 4x3 pages may be considered the best 
possible manual on the subject of magnetism." — Mechanic^ Magazine. 

"As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write." — English Mechanic. 

" Not only will the scientific student find this volume an invaluable book of refer- 
ence, but the general reader will find in it as much to interest as to inform his mind. 
Though a strictly scientific work, its subject is handled in a simple and readable 
style. " — Illttstrated Review. 



Chemical Analysis. 



THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9^. cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our r«ulers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner." — 
Medical Times. 

" The very best work on the subject the English press has yet produced."-rilf^ 
chanic^ Magazine, 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 

hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Times, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5j. cloth. 

** This workf publishec^ annually^ records the proceedings of the 
principal scientific societies, and is indispensable to all who wish to 
possess a faithful record of the latest novelties in science and the arts. 

The back Volumes, from 1861 to 1871, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5^. each. 

'' Persons who wish for a concise annual summary of important scientific events will 
find their desire in the * Year Book of Facts.' " — Athetutum. 

*' The standard work of its class. Mr. Timbs's * Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risutni of the year's progress in the 
sciences and the 9XX&"— Builder. 

"A correct exi)onent of scientific process .... a record of abiding interest If 
anyone wishes to know what progress science has made, or what has been done in any 
branch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required information." — Mechanic/ Magasine, 

" There is not a more useful or more interestingcompilation than the ' Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the nuitters which he places on record, are deserving of great praise."— 
Railway News. ^ 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general— iViews of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars — their Distances and Masses. By Professor 
J. R. Young, Author of "A Course of Elementary Mathematics," 
&c. &c Fcap. 8vo, price 5j. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellept." — English Churchman, 

" Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical abifity, and by a style peculiarly clear, easy, and energetic." — Nonconformist. 

*' No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism. "'^a//&r/ Magazine. 

" A valuaUe contribution to controversial theological literature." — City Press. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Cambridge. Second 
Edition. iSmo, 5/. cloth. 
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Dr. Lardners Museum of Science cmd Art, 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L,, formerly Professor of Natural Phi- 
losophy and Astronomy in U ni versity College, London. CONT ents : 
The Planets ; are they inhabited Worlds ? — Weather Prognostics — 
Popular Fallacies in Questions of Physical Science— Latitudes and 
Longitudes — Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things : — Air — 
Locomotion in the United States — Cometary Influences — Common 
Things : Water — The Potter's Art — Common Things : Fire — 
Locomotion and Transport, their Influence and Progress — The 
Moon — Common Things : The Earth — The Electric Telegraph — 
Terrestrial Heat — The Sun — Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Micrometric Apparatus — 
Steam — The Steam Engine — The Eye^The Atmosphere— Time 
— Common Things : Pumps — Common Things : Spectacles, the 
Kaleidoscope— Clocks and Watches — Microscopic Drawing and 
Engraving — Locomotive — Thermometer — New Planets : Lever- 
rier and Adams's Planet —Magnitude and Minuteness— Common 
Things : The Almanack — Optical Images — How to observe fthe 
Heavens — Common Things : the Looking-glass — Stellar Universe 
— The Tides — Colour — Common Things : Man — Magnifying 
Glasses — Instinct and Intelligence — The Solar Microscope — The 
Camera Lucida— The M«^c Lantern — ^The Camera Obscora — 
The Microscope — The White Ants : their Manners and Habits — 
The Surface of the Earth, or First Nofions of Geography— Science 
and Poetry — The Bee — Steam Navigation — Electro-Mbtive 
Power— Thunder, Lightning, and the Aurora Borealis — The 
Printing Prfess — The Crust of the Earth — Comets — The Stereo- 
scope — The Pre- Adamite Earth — Eclipses — Sound. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes, 
handsomely bound in cloth, gilt, red edges, price £i is, 

** The ' Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that wonld be welcomed by 
people of so many ages and classes as a valuable 'ptesieaXC^—'Examiner. 

*♦* Separate books formed from the above, suitable for Workmen^ s 

Libraries^ Science Cltuses, dr'c. 

Common Things Explained. With 233 Illustrations, 5x. doth. 
The Electric Telegraph Popularized, ioo Illustrations, 2s, cloth. 
The Microscope. With 147 Illustrations, ar. cloth. 
Popular Geology. Witji 201 Illustrations, 2s. 6ct. cloth. 
Popular Physics. With 85 Illustrations. 2s, 6d, cloth. 
Popular Astronomy. With 182 Illustrations, 4?. 6d. cloth. 
Steam and its Uses. With 89 Illustrations, 2s. cloth. 
The Bee and White Ants. With 135 Illustrations, 2j. cloth. 
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DR. LARDNER'S SCIENTIFIC HANDBOOKS. 

♦ 

Astronomy. 

THE HANDBOOK OF ASTRONOMY. By Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. Third Edition. Re- 
vised and Edited by Edwin Dunken, F.R.A.S., Superintendent 
of the Altazimuth Department, Royal Observatory, Greenwich. 
With 37 plates and upwards of 100 Woodcuts. In i vol., small 
8vo, cloth, 550 pages, price 'js. 6d. 
^' We can cordially recommend it to all those who desire to possess a complete 
manual of the science and practice of astronomy." — Astronomical Reporter. 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. Lond., of University College, London. 
With 298 Illustrations. Small 8vo, cloth, 448 -pages, price 5s. 

Electricity, 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Small 8vo, cloth, price 5s. 

** The hook could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Mechanics. 

THE HANDBOOK OF MECHANICS. {^Reprinting. 

Hydrostatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMA- 
TICS. New Edition, Revised, and Enlarged by Benjamin 
LOEWY, F.R.A.S. With numeirous Illustrations. [/« the press. 

Heat, 

THE HANDBOOK OF HEAT. New Edition, Re-written and 
Enlarged. By Benjamin Loewy, F.R. A. S. ^Preparing, 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. [New Edition in preparation. 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. Revised 
and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. 
Small 8vo, 35. 6^. cloth. 
" One of the most readable books extant on the Electric Telegraph."— ^«^. Mechanic. 



NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner 
328 Illustrations. Fourth Edition, i vol. y. 6d. cloth. 
"A very convenient class<book for junior students in private schools. It is in- 
tended to convey, in clear and precise terms, general notions of all the principal 
divisions of Physiwd Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 
With 190 Illustrations. Second Edition, i vol. 3^. 6d. cloth. 
*' Clearly written^well arranged, and txat\\tJii\yi\\yx&XX9it^."-^ardener'sChronicle. 
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Geology and Genesis Harmonised, 

THE TWIN RECORDS of CREATION; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price ^s, cloth. 

" We can recommend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geological science." — Spectator. 

"The author combines an unbounded admiration of science with an unbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is^ that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — London Review. 

" Vigorously written, reverent in spirit, scored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived." — Watchman. 

** No real difficulty is shirked, and no sophistry is left unexposed.** — TAe Rock. 

Geology^ Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-General 
Portlock*s Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j. [Ready, 

Geology^ Historical, 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock*s Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j'. 6^. [Ready » 

♦/ Or Physical atnJ Historical Geology, bound in One 
Volume^ price 5j. 

Wood-Carving. 

INSTRUX:T10NS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s. 6d, 

*' Tlie handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's ' publication." — Atlunteum. 

" A real practical ptide. It is very complete.** — Literary Churckman, 
," The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas Jo^n Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, Sj. cloth. 

** This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington, 

*• A work that may be advantageously consulted. Much may be learned, even by 
those who fancy they do not require to be tane^t, from the careful perusal of this 
unpretending but comprehensive treatise. " — A rt Journal. 

* A valuable book, which supplies a want. It contains a large amoimt of origmai 
m&tter, agreeably conveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. We give a cordial wacome to the book, 
and augur for it an increasing reputation.** — Builder. 

" This volume is one that we can heartily recommend to all who are desirous of 
understanding what they admire in a good painting." — Daily News, 
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Delantott£ s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price gj. Elegantly bound, cloth antique. 

" A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be usefuL . . . Theexamplesof ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with juc^ment and knowledge, as well as taste." — Atkencntm. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4r. cloth. 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, thb book will be useful" — Athetueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended m the conception of the various plain and ornamental letters is 
wonderful. '^---StaftdartL 

MEDiiEVAL ALPHABETS ANt) INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on "Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colpurs. With an Introduction by J. Willis 
Brooks. Small 4to, 6s. cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of thpse delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

« 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, 2s,'6d, in ornamental boards. 
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AGRICULTURE, &c. 



Youatt and Burn's Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Fann," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations. \l, is. balf-bd. 



CONTENTS. 



Om ike BreedM$tg^ Runring^ FaiietnMg^ 
and General Management of Neat Cattle. 
— Introductory View of the different Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the diflfereot Breeds of 
Neat Cattle. — General Observations on 
buying and Stocking a ^arm with Cattle. 
—The Bull.— The Cow.— Treatment and 
Rearing of Calves. — Feeding of Calves f«r 
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Weeds.— Paring and Burning. — ^Draining. 
Irrigation. — Warping. 

On the Culttvatitm dnd Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually culdvated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — ^V^etables best calculated for 
Animal Food.— Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Catde. 
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Belfs Messenger. 
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Scott Burn's System of Modern Farming. 

OUTLINE OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Economy, 

Historical and Practical — Cattle, Sheep, and Horses — Management 

of the- Dairy, Pigs, and Poultry, with Notes on the Diseases of 

.Stock ^Utilisation of Town-Sewage, Irrigation, and Reclamation 

of Waste Land. New Edition* In i vol. 1250 pp., half-bound, 

profusely Illustrated, price izs, 

"There is sufficient stated within the limits of this treatise to prevent a farmer 

from going far wrong in any of his operations. . . . The author has had great 

personal experience, and his opinions are entitled to every respect" — Observer. 

Scott Burns Introduction to Farming. 

THE LESSONS* of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of "The Year-Book of Agricultural Facts," 
&c. With- numerous Illustrations. Fcp. ds. cloth. 
"Amost complete introduction to the whole round of farming practice." — John 

BuU. 

• • There are many hints in it which even old farmers need not be ashamed to 

accept." — Morning Herald. 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added, Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also. Tables 
of Square Measuns, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, C.E. New Edition, price 4^. strongly bound, 

" This new edition includes tables for ascertaining the vjilue of leases for any term 
of years ; and for showing how to lay out plots of ppround of certain acres in forms, 
sc^uare, round, &c., with valuable rules for ascertaining the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional man." — Farmn^s Jou/rnml. 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By JOHN Wheeler, Valuer, &c. 
Third Edition, enlarged, by C. NORRIS. Royal 32mo, strongly 
bound, price Jj. [Recently published. 

** A neat and concise book of reference, containing an admirable and clearly- 

ananged list of prices for inventories, and a very practical guide to determine the 

value of furniture, &,c"-^tmuiard. 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY : its Principles popularly ex- 
plamed, and the Theory of Double Entry analysed. By an Expe- 
rienced Book-Keeper, late of H.M. Civil Service. Second 
Edition. Fcp. 8vo. price 2j. cloth. 

"A book which brings the so^alled mysteries within die comprdiension of the 
simplest capacity."— ^S'mvm^ Timet, 
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*' A Complete EpitoTne of the Laws of this 
Country'* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. loth Edition, 
carefiilly revised, including a Summary of the Ballot Act, • The 
Adulteration of Food Act, The Masters* and Workmen's Arbitra- 
tion Act, the Reported Cases of the Courts of Law and Equity, &c 
With Notes and References to the Authorities. i2mo, price dr. &/. 
(saved at every consultation), strongly bound. 

\_Now ready. 

Comprising the Rights and Wrongs of Individuals^ Mercantile and Com- 
merctal Law, Criminal Lena, Parish Law, County Court Law, 
Game and Fishery Laws, Poor MerCs Lawsuits, 

THE LAWS OF 
Bankkuptcy — Bills op Exchangs — Gontracts and Agrbembnts — Copyright 
— DowBR AND Divorce — Elbctions and Rbgistration — Insurance — Libel 
AND Slander — Mortgages— Settlements— Stock ExcriANGB Practice- 
Trade Marks and Patents — Trespass, Nuisances, etc — Transfer of 
Land, etc. — Warranty — ^Wills and Agreements, etc. 

Also Law for 
Landlord and Tenant — Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and Legatees — Husband and Wife — Executors and Trustees — Guardian 
and Ward— Married Women and Infants — Partners and Agents — Lender and 
Borrower — Debtor and Creditor — Purchaser and Vendor — Companies and Asso- 
ciations — Friendly Societies — Clergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers — Contractors^Stock and Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-Dealers — ^Auctioneers, House-Agents — 
Innkeei»ers, &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c. &c. 

" No Englishman ought to be without this book . . . any person perfectly unin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer." — Engineer. 

*' It is a complete code of English Law, written in plain language whfch all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times, 

" A useful and concise eptome of the law, compiled with considerable care.**— Zow 
Mageizine. 

*' What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readi- 
ness when some knotty point requires ready solution."— ^^/Tj Life. 

Pawnbrokers Legal Guide, 

THE PAWNBROKERS', FACTORS', and MERCHANTS' 
GUIDE to the LAW of LOANS and PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and 
Criminal, as to Loans and Pledges of Goods, Debentures, Mercan- 
tile, and other Securities. By H. C. Folkard, Esq., of Lincoln's 
Inn, Barrister-at-Law, Author of the "Lawof Slander and Libel," 
&c. i2mo, cloth boards, price *js. [Just published. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4^. cloth. 
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Engirueti, Arekiteett, Buiiderg, Artisans, and Students 

genially, as well as to those interested m Workmen's 
ZAbraries, Free Libraries, Literary and Scientijic Insti' 
(utioTU, Colleges, Schools, Science Clatses, ic, dc. 
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REQUISITE. 
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AGRICULTURE. 
66. OX.AT LAUDS AND LOAUT SOILS, bj 3. DcswUhhi. U. 

140. sons, MANUBES, AKD CROPS, bj B. Boott Bum. 2ji. 

141. PABMING, AND FASUOO ECONOUY, Hutoriml and 

Fracdc&l, by B. Soott Buid. 3a. 

142. CATTLE, BHEEP, AND HOBSES, by E.Soott Burn. 2).6ii. 

145. MANAQEMEST OP THE DAIRY— PIGS— POULTBT, 

b; B. Scott Burn. With Notes on the Diwawi of Stock. 2l. 

146. UTILISATION OF TOWN SEWAGE— mEIQATION— 

BECLAUATION OF WASTE LAND, bv B. Boott Bnra. 
2f. 6i. 

JVoi. 110, 141. lU, US. a»f IM hwuf in 3 eo2i., c^dU ioarili, Uc 
177. CDLTDKB OP BEUIT TEEES, by De BceuiL 187 Wood- 
cutr 3). Gd. 
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2 ARCHITECTURAL AND BUILDING WORKS. 

ARCHITECTURE AND BUILDING. 

16. AEOHITEOTURE, Orders of, by W. H. Leeds. U. 6d,\ In i 

17. , Styles of, by T. Talbot Bury. Is. 6d.iZjSd. 

18. Frinciples of Design, by E. L. GbrbetL 28, 

Not. 16, 17, and 18 m 1 vol. cloth boards, 6t. 9d. 

22. BUILDING, the Art of, by B. Dobson. Is. Qd. 

23. BRICK AND TILB MAEINO, by E. Dobson. 3f. 

26. MASONRY AND STONB-OUTTINO, by E. Dobson. 2«. Qd. 

30. DRAINAGE AND SEWAGE OF TOWNS AND BUILD- 
INGS, by G. D. Dempsey. 28. 

With No. 29 {See page 4), Drainage of Districts and Lands, 8r. 

36. BLASTING & QUARRYING OF STONE, by Burgoyne. Is. 6d. 

36. DICTIONARY OF TECHNICAL TERMS used by Architects, 
Builders, Engineers, Surveyors, &o. New Edition, revised 
and enlarged by Robert Hunt, F.G.S. [Nearly ready. 

42. COTTAGE BUILDING, by 0. B. Allen. Revised and Enlarged 
Edition. [In the press. 

44. FOUNDATIONS & CONCRETE WOREB, by Dobson. ls.6d. 

45. LIMES, CEMENTS, MORTARS, &o., by BumelL Is. Qd. 
57. WARMING AND VENTILATION, by 0. Tomlinson, FJK.S. Ss 
83**. DOOR LOCKS AND IRON SAFES, by TomHnson. 2s. ^d. 
III. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. ls.6<;. 
116. ACOUSTICS OP PUBLIC BUILDINGS, by T.R. Smith. Is.ed. 

123. CARPENTRY AND JOINERY, founded on Robison and 

Tredgold. Revised and Enlarged Edition by E. W. Tarn, 

M.A., Architect. [In the press. 

123*. ILLUSTRATIVE PLATES to the preceding. [Frepariny. 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Robison, Price, and Tredgold. Is. 6d. 

124*. PLATES OF RECENT IRON ROOFS. 4to. [Reprinting. 

127. ARCHITECTURAL MODELLING IN PAPER, Practical 

Instructions, by T. A. Richardson, Architect. Is. 6<2. 

128. VITRUVIUS*S ARCHITECTURE, by J. GwUt, Plates, bs. 
130. GRECIAN ARCHITECTURB, Principles of Beauty in, by 

the Earl of Aberdeen. Is. 

No8. 128 and 130 in 1 vol. eloth boards, Is. 

132. ERECTION OF DWELLING-HOUSES, mth Sneoifications, 
Quantities of Materials, &c., by S. H. Brooks^ 27 Plates. 2s. 6d. 

156. QUANTITIES AND MEASUREMENTS, by Beaton. Is. Gd. 

175. BUILDERS' AND CONTRACTORS* PRICE-BOOK, by 
G. R. Burnell. Ss. 6d. [Now ready. 
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ARITHMETICAL AND MATHEMATICAL WORKS. 3 

ARITHMETIC ANI> MATHEMATICS. 

32. MATHEMATICAL INSTRUMENTS, THEIR CONSTRUC- 
TION, USE, &c., by J. F. Heather. Original Edition in 
1 Yol. Is, 6d, 

*i^* In ordering the above, be careful to say *'• Original Edition^* to 
distinguish it from the Enlarged Ed, 3 vols., advertised on page 4. 

60. LAND AND ENGINEERING SURVEYING, by T.Baker. 2». 

61*. READY RECKONER for the Admeasurement and Valuation 
of Land, by A. Arman. 1j. 6< ?. 

76. GEOMETRY, DESCRIPTIVE, with a Theorjr of Shadows and 
Perspective, and a Description of the Principles and Praotioe 
of Isometrical Projection, by J. F. Heatiier. 2s. 

83. CO MME RCIAL BOOK-KEEPING, by James Haddon. Is. 

84. ARITHMETIC, with nmnerous Examples, by J. R. Young. Is. 6<{. 
84*. KEY TO THE ABOVE, by J. R. Young. Is. 6cf . 

85. BQUATIONAL ARITHMETIC : including Tables for the 

Calculation of Simple Interest, with Logaritmns for Compound 
Interest, and Annuities, by W. Hipsley. \s. 

85*. SUPPLEMENT TO THE ABOVE, 1*. 

85 and 85* in 1 vol.y 2s. 

86. ALGEBRA, l>y J. Haddon. 2s. 

86*. KEY AND COMPANION to theabove, by J.R. Young. Is.^. 

88. THE ELEMENTS OF EUCLID, with Additional Propositions, 

and Essay on Logic, by H. Law. Part I. Books i., ii., & iii. \s. 

89. THE ELEMENTS OF EUCLID. Part II. Books iv., v., 

yi., xi., & xii. Is. 6d. 

Nm. 88 and 89 in 1 vol. cloth limp^ 28. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 

J. Hann. New Ed., improved & re- written by J. R, Young. 2*. 

91. PLANE TRIGONOMETRY, by J. Hann. Is. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. 1*. 

Nos. 91 and 93 in I vol., 2s, 

93. MENSURATION,, by T. Baker. Is. Qd. 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of 

Natural Sines, Cosines, and Tangents, by H. Law, C.E. 2s. 6d. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. Is. 
101*. WEIGHTS, MEASURES, AND MONEYS OF ALL 

NATIONS ; with the Principles which determine the Rate of 
Exchange, by W. S. B. Woolhouse. Is. 6d. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B.A. Is. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. Is. 

104. DIFFERENTIAL CALCULUS, Examples, by J. Haddon. 1*. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 

Mnemonical Lessons, by th e Rev . T. P. Kirkman. Is. 6<^. 
117. SUBTERRANEOUS SURVEYING, and the Magnetic Vari- 
ation of the Needle, by Fenwiok and Baker. 2s. Qd. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 
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131. BBADY-BBCEONEB FOR MTTiLEEfl, FASMEBS, AJSJ) 
lOBBCHANTS, showing the Yalue of any Quantity of Corn, 
with the Apprazimate YiSnee of MiU-rtoDea it Mill WoriL Is. 

186. BUDIMBNTABY ABEEHKBTIO, hf J. Haddon, edited by 

A. Annan. Is, 6d. 

187. lOrr TO THB ABOYB, hy A. Arman. U. ed, 

147. STEPPING STONE TO ABITHMETid, bj A. Amuuu U. 

148. KEY TO THE ABOVE, hy A. Amaan. U 

168. THB SLIDE EULE, AND HOW TO USB IT. With 
Slide Bale in a pocket of eoTer. ds, 

168. DBAWING AND MEASUBINa INSTBITMENTS. In- 

oludinf — InstnunentB emplojed in G(e(»netrical and Mecha- 
nical Drawing, tl&e ConBtruetion, Copying, and Meaenremeot 
of Maps, Plans, &e., by J, F. Hkjlthss, M«A. U. 6dL 

169. OPTICAL INSTBUMENTS^ mora especial]^ Trieeeopea, 

Mieroflcopea, and Apparatus for EMrodwnng cofHea of maps 
and Plans by Photography, bj J. F. Heatbbs, M^ Is, Qd, 

170. SUBVEYINO AND ASTBONOMICAL INffTBUMENTS. 

Inchiding — Instruments Used for Determining the Geome- 
trical Features of a portion of Grotmd, and in Astronomical 
ObeerrationB, bj J. F. Heatebs, M.A. Is, 6d. 

♦ j^ ♦ 77ie above three volumes form an enUnrgemmt of the Author* s 
ifrignud work, ^* JUathematieal Instruments^" the Tenth JSdition 
ofwfneh {No, 32) is stiUon saky price Is. 6d. 

178. PBACTICAL PLANE GEOMETBY : Giring the Simplest 

Modes of Constructing Figoree contained in one Plane, bj 
J. F. HsATHEa, M.A. 2s. 

179. PROJECTION, OrdioffraphicTcq)Ographic and Perspectiyo: 

giving the Tarioos modes <tf Delineating Solid Forms oj Con- 
structions on a Single Plane Swf aoe, bj J. F. Hkather, H.A. 

[In preparation, 
*«.* The above two volumes^ with the Author's work already in 
the SerieSj *^ Descriptive Geometry** (see page 3), will form a 
eempieie Elementary Course of Mathematical Drawing. 
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13. CIVIL ENGINEEBING, by H. Law and G. B. BomelL Fifth 
Edition, w^th Additions, bs, 

29. DBAINAGE OF DISTBICTS AND LANDS, by G.D.Dempfler. 
1*. 6rf. 
With No. SO (^Seepage 2), Drainage and Sewage of Tcwns^ 8». 

PUBLISHED BY LOCKWOOD 4 CO., 



,WORKS IN FINE ARTS, ETC. 



31. WBLL-SINKINa, BOEING, AND PUMP WOBK, by J. G. 
Swindell, rerised by G. R. BurneU. Is, 

43. TUBULAR AND IRON GIRDER BRIDGES, induding the 
Britannia and Conway Bridges, by G. D. Dempsey. Is. Qd, 

46. ROAD-MAZING AND MAINTENANCE OF MACADA- 
MISED ROADS, by Field-Marshal Sir J.F.Burgoyne. Is. 6^ 

62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 
Additions by E. Nugent, C JS. 2s. 6d. 

62». RAILWAY CAPITAL AND DIVIDENDS, with Statistics of 
Working, by E. D. Chattaway. Is, 

Ho. 62 and 62* in I vol., 3s. Qd. 

80*. EMBANKING LANDS FROM THE SEA, by J.Wiggins. 2s. 
82»». GAS WOREB, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by 8. Hughes. Ss. 
82***. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. New and Revised Edition. 4s. 

[Now ready. 
118. CIVIL ENGINEERING OF NORTH AMERICA, by 1). 

Stevenson. Ss, 

120. HYDRAULIC ENGINEERING, by G. R. BumeU. 3*. 

121. RIVERS AND TORRENTS, with the Method of Regulating 

their Course and Channels, Navigable Canals, &e., from die 
Italian of Paul Frisi. 2s. ^, 



EMIGRATION. 

164. GENERAL HINTS TO EMIGRANTS. 2s. 

157. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2.s. 

169. EMIGRANT'S GUIDE TO NEW SOUTH WALES, 
WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird.B.A. 2s. Gd. 

160. EMIGRANT'S GUIDE TO TASMANIA AND iNEW ZEA- 
LAND, by James Baird, B.A. 2«. 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 2s. 

27. PAINTING ; or, A GR4MMAR OF COLOURING, by G. 
Field. 2s. 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Enamd Painting, &c. 1^. 

41. PAINTING ON GLASS, from the German of Fromberg. U. 
69. MUSIC, Treatise on, by 0. C. Spencer. 2s. 

71. THE ART OF PLAYING THE PIANOFORTE, by C. C. 
Spenoer. Is. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



6 WORKS nr MECHANICS, ETC. 

LEGAL TREATISES^ 

50. LAW OF CONTRACTS FOB WOBES AND SEBYIOBS, 
by Dayid GibbonB. U, 6d. 

107. THE COUNTY COUBT GUIDE, hj a Barrister. U &f. 

106. METBOFOLIS LOCAL MANAGEMENT ACTS. U. ed. 

106*. METBOFOLIS LOCAL MANAGEMENT AMENDMENT 
ACT, 1862; with Notai and Indaz. Is, 
Nos. 108 and 106» m 1 vol, 2s. 9d. 

110. BECENT LEGISLATIVE ACTS applying to Contractors, 
Mflrohants, and Tradesmen. Is. 

161. THE LAW OF FEIENDLY, PBOVIDENT, BUILDING, 
AND LOAN SOCIETIES, by N. White. 1«. 

163. THE LAW OF PATENTS FOB INVENTIONS, by F. W. 
Ounpin, Barrister. 2«. 



MECHANICS ft MECHANICAL ENGINEERING. 

6. MECHANICS, by Charles Toxnlinson. Is, 6d. 
12. PNEUMATICS, by Charles Tomlinson. New Edition. Is. 6<2. 

33. CBANES AND MACHINEBY FOB BAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. Is. Qd. 

34. STEAM ENGINE, by Dr. Lardner. U. 

59. STEAM BOILEBS, their Construotion and Management, by 
B. Armstrong. With Additiimsby B. MaUet. ^s, 6d. 

63. AGBICUI/TUBAL ENGINEEBING, BUILDINGS, MOTIVE 
POWEBS, FIELD MACHINES, MACHINEBY AND 
IMPLEMENTS, by G. H. Andrews, C J!. Ss. 

67. CLOCKS, WATCHES, AND BELLS, by B. B. Deoison. New 
Edition, with Appendix. 3*. 6d, 

Appendix (to the 4th and 6th EdiHonsMeparately^ 1«. 

77*. ECONOMY OF FUEL, by T. S. Prideaux. Is. M. 

78. STEAM AND LOCOMOTION, by Sewell. [JReprinting. 

78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsoy. 1*. 6rf. 

79*. ILLUSTBATIONS TO ABOVE. 4to. 4«. 6rf. [Beprmting. 

80. MABINE ENGINES, AND STEAM VESSELS, AND THE 
SCBEW, by Bobert Murray, C.E., Engineer Surveyor to the 
Board of Trade. With a Glossary of Technical Terms, and 
their equi valents in French, German, and Spanish. 3«. 

82. WATEB POWEB, as applied to Mills, &c., by J. Glynn. 2s. 

97. STATICS AND DYNAMICS, by T.Baker. New Edition. \s.U. 

98. MECHANISM AND MACHINE TOOLS, by T.Baker; and 

TOOLS AND MACHINEBY, by J. Nasmyth. 2s. 6<2. 
113*. MEMOIB ON SWOBDS, byMarey, translatedby Maxwell. U 

PUBLISHED BY LOCKWOOD & CO., 



NAVIGATION AND NAUTICAL WORKS. 7 

^———— — m 

114. MAGHINEBY,Gon8tractionaiidWorking,byO.D.AbeLl«.6c{. 

116. PLATES TO THE ABOVE. 4to. 7*. 6^ 

126. COMBUSTION OP COAL, AND THE FBEVENTION OF 

SMOKE, by C. Wje Williams, M.I.C.E. 3«. 
139. STEAM ENGINE, Mathematical Theory of, by T.Baker. 1«. 
162. THE BEASSFOUNDER'S MANUAL, by W.Graham. 2«.6<?. 

164. MODERN WORKSHOP PRACTICE. ByJ.G.Winton. 3«. 

165. IRON AND HEAT, Exhibiting the Principles concerned in 

the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Furnace, by James 
Aruoub, C.E. Woodcuts. 28, Qd. 

166. POWER IN MOTION: Horse Power, Motion, Toothed Wheel 

Glaring, Long and Short Driving Bands, Angular Forces, &c., 
by jAMJts Abmoub, C JE. With 73 Diagrams. 28. 6d, 

167. A TREATISE ON THE CONSTRUCTION OF IRON 

BRIDGES, GUtDBRS, ROOFS, AND OTHER STRUC- 
TURES, hj F. Campin. Knmerous Woodcuts. 2«. 

171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING, by John Maxtok, Instructor in Engineering 
Drawing, Royal School of Naval Architecture and Marine En- 
gineering, Sout^ Kensington. Plates & Diagrams. Ss. 04, 

172. MINING TOOLS. For the Use of Mine Managers, Agents, 

Mining Students, &c., by William Morgans, Lecturer on 
Mining, Bristol S<^ool of Mines. 12mo. 2^.6^. 

172*.ATLAS OF PLATES to the above, containing 200 Blustra- 
tions. 4to. 4*. 6d. 

176. TREATISE ON THE METALLURGY OF IRON ; con- 
taining Ouilinea of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauerman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Woodcuts. 4s. Qd. 

180. COAL AND COALMINING, by W.W.Smyth. 3».6rf. [Seady. 



NAVIGATION AND SHIP-BUILDINQ. 

51. NAVAL ARCHITECTURE, by J. Peake. 8*. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 

of, by Captain H. A. Sommerfeldt. Is. 
53**. ATLAS OF 16 PLATES 0X5 THE ABOVE, Drawn for 

Practice. 4to. 7«. 6d. 
54. ld(AJmNG, MAfiT-MASING, and RIGGING OF SHIPS, 

uy B. Kipping. Is, 6«i. 
54*. IRON SH:&-BUILDING, by J. Grantham. Fiftii Edition, 

with Supplement. 4«. 
54**. ATLAS OF 40 PLATES to illustrate the preceding. 4to. SSs. 

7, STATIONERS* HALL COURT, LUDGATE HILL. 
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55. NAViaATION ; the SaUor's Sea Book : How to Keep the Log 
and Work it^off, Law of Storms, &o., by J. Greenwood. 2s, 
83 5m. ships and boats, Form of, by W. Bknd. U. 6d, 

99. NAUTICAL ASTRONOMY AND NAVIGATION, by J. B. 
Young. 28, 

100». NAVIGATION TABLES, for tTse with the above. 1«. 64. 

106. SHIPS' ANCHORS for aU SERVICES, by G. CotaeU. U. 6d, 

149. SAILS AND SAIL-MAKING, by R. Kipping, l^JL 28, 6d, 

155. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES. Revised by D. P. McCarthy. 3*. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Pownee. With Appendix on Agri- 

cultural Chemistry. New Edition, with Index. Is, 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. Is. 6rf. 

3. GEOLOGY, by Major-Gen. Portlock. New Edition. Is. 6d. 

4. MINERALOGY, by A. Ramsay, Jun. 3s. 

7. ELECTRICITY, by Sir W. S. Harris. I*. 6d, 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by Sir W.S. Harris. Is, Qd. 

8, MAGNETISM, by Sir W. S. Harris; New Edition, revised and 

enlarged by H. M. Noad, Ph.D., P.R.S. With 166 woodcuts. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., P.S.A. 3s. 

72. RECENT AND FOSSIL SHELLS (A Manual of tiie Mollnsoa), 
by S. P. Woodward. With Appendix by Ralph Tate. F.G,S. 
6«. Qd, ; in clo th bo ards, 7«. 6<^. Appendix separately, If, 

79»*. PHOTOGRAPHY, the Stereoscope, &c., from the French 
of D. Van Monokhoven, by W. H. Thomthwaite. Is, 6<2. 

06. ASTRONOMY, by the Rev. R. Main. New and Enlarged 
Edition, with an Appendix on ** Spectrum Analysis." Is, Qd, 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2s, 

134. METALLURGY OF SILVER AND LEAD, by Lambom. 2». 

135. ELECTRO -METALLURGY, by A. Watt. 2*. 

138: HANDBOOK OF THE TELEGRAPH, by R. Bond. New 
and Enlarged Edition. [Nearly ready. 

143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 
and Modem Theory of Dew, by 0. Tomlinson. Is, 

173. PHYSICAL GEOLOGY (partly based on Pordock's " Rudi- 

ments of Geology"). ^7 Ralph Tate, A.L.S., &c. 2s. 

1 74. HISTORICAL GEOLOGY (partly based on Portlock's " Rudi- 

ments of Geology "), by Ralph Tate, A.L.S., &c 2s, ^. 
Nos. nSana 174 in 1 vol. doth limpi is. M. 

PUBLISHED BY LOCKWOOD & CO., 
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MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICmB, by Dr. Ealph Gooding. 2». 

il2». THE MANAGEMENT OF HEALTH, by James Baird. 1#. 

113. USE OF FIELD ABTILLEBY ON SEBYICE, by Taubert, 
izanalated bj Lieut-CoL H. H. MaxwelL la, Qd. 

150. LOGIC, PUBB AND APPLIED, br S. H. Emmenfl. U. Qd. 

152. PRACTICAL HINTS FOB INVESTING MONET, by 
Francis ^aylbrd, Sworn Broker. Is. 

163. LOCKE ON THE CONDUCT OF THE HUB£AN UNDBE- 
STAND]!^G, Seleotions from, by S. H. Emmene. 28, 



NEW SERIES OF EDUCATIONAL WOBES. 

1. ENGLAND, Histcwy of, by W. D. Hamilton, bt. ; cloth boards, 
68. (Also in 5 parts, price Is. each.) 

5. GBEECE, History of, by W. D. Hamilton and E. Leyien, M.A. 
2». 6d. ; oloth boards, 3f . 6d. 

7. BOME, History of, by E. Levien. 2a. 6d. ; cloth boards, 3a. Qd. 

9. CHEONOLOGY OF HISTORY, ART, LITERATURE, 
and Progress, from the Creation of the World to the Con- 
clusion St the Franco-Gkrman War. The continuation by 
W. D. Hamilton, F.S. A. 3a, limp ; 3a. Qd. boards. 

11. ENGLISH GRAMMAR, by Hyde Clarke, D.C.L. la. 

11». HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. la. 

12. ENGLISH DICTIONARY, containing abore 100,000 words, 

by Hyde Clarke, D.C.L. 3a. 6d. ; dotlf boards, 45. 6d. 
, with Ghnmmar. Cloth bds. 6*. 6d. 

14. GREEK GRAMMAR, by H. C. Hamilton. U 

15. DICTIONARY, by Hamilton. Vol. 1. Gr.— Eng. 2a. 

17. VoL 2. English— Greek. 2a. 

Complete in 1 voL 4a. ; cloth boards, ba. 

• , with Grammar. Cloth boards, 6a. 

19. LATIN GRAMMAR, by T. Goodwin, M.A. la. 

20. DICTIONARY, by T. Goodwin, MX VoL 1. Latin 

— ^English. 2a. 
22. Vol. 2. English— Latin. 1*. 6d. 

Complete in 1 vol. 3a. 6d. ; cloth boards, 4». 6d. 

, with Grammar. Cloth bds. 6«. 6d. 

24. FRENCH GRAMMAR, by G. L. Strauss, la. 

25. FRENCH DICTIONARY, by Elwes. Vol. 1. Fr.— Eng. Is. 

26. ■ Vol.2. EngHsh- French, la. 6d. 

Complete in 1 vol. 2a. 6d. ; cloth bofuxls, 3*. 6d. 

, with Grammar. Cloth bds. 4«. 6d. 
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27. ITALIAN ORAMMAB» by A. Elwes. U. 

28. TRIGLOT DICTIONARY, by A. Elwee. VoL 1. 

Italian— English— French. 2«. 

30. Vol. 2. Bngliflh— French— Italian, 2«. 

32. Vol. 3. French— Italian— EngUsb. 28. 

Complete in 1 toL Cloth boards, 7». 6<i. 

, with Orammar. Cloth bds. 8*. 6rf. 

34. SPANISH GRAMMAR, by A. Slwes. U. 
36. ENGLISH; AND ENGLISH— SPANISH DIC- 
TIONARY, by A. Elwes. 4«. ; dotjii boards, 5<. 

.J ^th Grammar. Cloth boards, 6*. 

39. GERMAN GRAMMAR, by G. L. Stranss. 1«. 

40. READER, from best Authors. 1». 

41. TRIGLOT DICTIONARY, by N.E.S. A. Hamilton. 

VoLl. English — Gkrman — ^French. Is. 

42. Vol. 2. Gennan— French— English, la. 

43. Vol. 3. French — German — ^English. Is, 

. Complete in 1 voL 3». ; clot£ boards, is. 

—— , with Gnunmar. Cloth boards, 6*. 

44. HEBREW DICTIONARY, by Bresslan. Vol. 1. Heb.— Eng. 6«. 
, with Grammar. 7s. 

46. Vol 2. English— Hebrew. 3». 

Complete, with Grammar, in 2 vols. Cloth boards, 12*. 

46*. GRAMMAR, by Dr. Bresslau. Is. 

47. FRENCH AND ENGLISH PHRASE BOOK. Is. 

48. COMPOSITION AND PUNCTUATION, bv J.Brenan. Is. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. Is.Qd. 

50. DATES AND EVENTS. A Tabular View of English History, 

with Tabular G^flrraphy, by Ed^ar H. Rand. is. 

51. ART OF EXTEMPORE SPEAKING. Hints for the 

Pulpit, the Senate, and the Bar, by M. Bautain, Professor at 
the Sorbonne, &c. 2s. 6d. [Ifoto ready. 

52. MINING AND QUARRYING FOR SCHOOLS, First Book 
of, by J. H. Collins. Is, 6<?. [Noto ready. 

PLACES AND FACTS: A Compendium of Geogrsphy. Is. 



53. 



THE 

SCHOOL MANAOEES' SEEIES OF EEADIITO BODES, 

Adapted to the Requirements of the New Code o/ 1871. 
Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary 

Canon of Ely ; formerly H.M. Inspector of Schools, 
s. d, s. d. 

First Standard 3 Third Standard 8 
Second „ 6 Fourth „ 10 

Lessons from the Bible. Part 1. Old Test. Is. [grapby. l8.2d. 

Lessons from the Bible. Part 2. New Test., and Scripture Qeo- 

Or the two parts bound in One Volume, price 2s. 



s. d. 

Fifth Standard 1 
Sixth „ 1 2 
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EDUCATIONAL AND CLASSICAL WORKS. 11 
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LATIN ANB 6BEEE CLASSICS, 

WITH EXPLANATORY NOTES IN ENGLISH. 



« 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young Is. 

2. 0-aESAK. De Bello Gallioo ; Notes by H. Young . . 2*. 

3. CORNELIUS NEPOS; Notes by H. Young . . . 1«. 

4. YIBGIL. The Georgics, Bucolics, and Doubtful Poems; 

Notes by W. Kusliton, M.A., and H. Young . Is, 6rf. 

6. VIRGIL, ^neid ; Notes by H. Young # . .2b, 

6. HORACE. Odes, Epodes, and Carmen Seculare, by H. Young Is, 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. 1*. 6d, 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A Is.Qd, 

9. TERENCE. Andria and Heautontimorumenos; Notes by 

the Rer. J. Dayies, M.A. l8,Qd, 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rey. J. Dayies, M.A 28, 

11. TERENCE. Eunuchus, hj Rey. J. Dayies, M.A. . 1*. 6d, 

Nos, 9, 10, and II in I vol, cloth boards^ 68, 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, . 

with Notes, &c., by J. Dayies, M.A 1*. 

14. CICERO. De Amicitia, de Seneotute, and Brutus ; Notes 

by the Rey. W. B. Smith, MA 28, 

16. LlVl. Books i., ii., by H. Young . . . . 1«. 6d, 
16*. LIVY. Books iii., iy., t., by H. Young . . . 1*. 6rf. 

17. LIVY. Books xxi., xxii., by W. B. Smith, M.A. . U. 6d. 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . ,28, 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2». 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of O.ueen's College, Oxford l8.6d, 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



12 BDIK3ATIONAL AND CLASSICAL WORKS. 

GREEK SERIES. 

WITH SXPLAKATOBT K0TB8 IN SNOLJSH. 



1. A NEW GBEEE DELECTUS, by H. Young . . 1«. 

2. XENOPHON. AnabasiB, i. ii. iii., bj H. Young . Is. 

3. XENOFHON. Anabasis, iv. t. yi. yii., hy H. Young . Is. 

4. LUCIAN. Seieot Dialogues, by H. Young . 1^. 

5. HOMES, niad, i. to yi., by T. H. L. Lesry, D.CX. U. 6d. 

6. HOMER. Biad, Tii. to zii., by T. H. L. Leary, D.C.L. Is. 6d. 

7. HOMER. Hiad, xiii. to xviii., by T.H. L. Leary, D.CJ:i. 1*. Qd. 

8. HOMER. Hiad, xiz. to zxiy., by T. H. L. Leary, D.C.L. U. 6d. 

9. HOMER. Odyss^, i. to yi., by T. H. L. Leary, D.CX. 1«. 6d. 

10. HOMER. Odyssey, yii. to xii., by T. H. L. Leary, D.CX. 1*. 6d. 

11. HOMER. OdyBsey,xiii.toxyiii.,byT.H.L.Leary,D.C.L.l».6rf. 

12. HOMER. Odyssey, six. to xziy. ; and Hymns, by T. H. L. 

Leary, D.C.L. . . . ^ 2». 

13. PLATO. Apologia, Crito, and Pb«do, by J. Dayies, MX 28, 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.C.L. Is. 6d. 
16. HERODOTUS, Books iii. iy., by T. H. L. Leary, D.CX. 1*. W. 

16. HERODOTUS, Books y.yi.yii., by T.H.L. Leary, D.OJi. ls.6d. 

17. HERODOTUS, Books yiii. ix., and Index, by T. H. L. 

Leary, D.CX U.Qd. 

18. SOPHOCLES. (Edipus Tyrannus, by H. Young . . Is. 
20. SOPHOCLES. Antigone, by J. Milner, B.A. ... 25. 
23. EURIPIDES. Hecuba and Medea, by W. B. Smitb, M.A. Is. Qd. 
26. EURIPIDES. Alcestis, by J. Milner, BA. . . .Is. 
30. ^SCHYLUa Promeiheas Yinctus, by J. Dayies, M.A. . Is. 
32. .^CHYLUS. Septexn contra Thebas, by J. Dayies, MX Is. 

40. ARISTOPHANES. Achamenses, by C. S. D. Townshend, 

M.A UU. 

41. THUCYDIDES. PeloponnesianWar. Book i., by H. Young Is. 
ASL XENOPHON. Panegyric on Agesilaus, by U. P. W.Jewitt l*.6rf. 
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